AD=A082 011  WYLE LABS EL SEGUNDO CALIF F/6 20/1
CORRECTION PROCEDURES FOR AIRCRAFT NOISE DATA, VOLUME 11, BACKS--ETC(U}
DEC 79 L SUTHERLANDs J PARKINSONs D HOY DOT~FA78WA-8143

UNCLASSIFIED WR=79=9=VOL=2 FAA/EE~80~1=-VOL=2 NL




o g
= ke 32
=L
L
fiLe.

2 s e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARDS 1963 A

N




e

chor RRECTION_PROCEDURES FOR
AIRCRAFT NOISE DATA .

r" YOLUME T, |

z _BABKGROUND NOISE CONSIDERATIONS W

WYLE RESERRCH L rdw
EI Segundo California

LJsutherland
J.[Parkinson

D/Hoy i A 2 iy o s
R

Qiec‘n?

@_lNAL REFGRT. )
Q%W«F# v FWAH- /zy'i/

et ibalile to the U\| ll |I
T' NI |7! -ab Tt
S' mayfar |dV| )21!1

o " Prepared for

L, - U.S. DEPARTMENT OF TRANSPORTATION

- -~ 8

e Washington, D.C. 20591 Sya5 0
S




-
'.
)
. ¥
]
1
1
NOTICE

This document is disseminated under tbe sponsorship of
ths Departmant of Transportation in the interest of
informtion exchange. The United States Government
assumes no liadility for the comtents or use thereof.

e




Technicel Repert Documentation Poge

.
sy R, DU AN

1. Report No. / 2. Government Accession Neo. 3 Eoel.ioa?i m
FAA-EE-80-1, Vol. II
4. Title ond Subtitle STnn Dete
Correction Procedures for Aircraft Noise Data December 1979
i Volume II: Background Noise Considerations 6. Performing Orgenizetion Code
(8. Performing Orgenizetion Report Ne.
7. Author's) / ;
L. Sutherland, J. Parkinson, D. Hoy WR 79-9
* 9. Performing Ovoniuﬁ? Name ond Address 10. Work Unit No. (TRAIS)
Wyle Regearch
; El Segundo ’ Cal ifomi. 902‘5 1). Centrect or Grant Ne.
. DOT-FA78WA=4143 .
13. Type of Report end Period Covered j
12. Sponsoring Agency Nome ond Address :
Federal Aviation Administration Final Report
Office of Environment and Energy
» 800 Independence Avenue, SW. 14. Sponsoring Agency Cede
- | Washington, D.C. 20591 AEE-110

1S. Supplementary Notes

16. Abstract

A/

KThe impact of background noise on the value of PNL, PNLT, and the resulting EPNL
noise metric in aircraft certification to FAR Part 36 is examined in this report,

the second in a series of reports on aircraft noise measurement correction procedures
Procedures to remove background noise effects from data measured in the form of

’ one-third octave band sound pressure levels for jet and large propeller aircraft, or
data in the form of A-weighted noise levels for light propeller driven aircraft, are
defined. After evaluating various techniques for different ratios of signal-to-
background noise, one simple correction method for turbojet/turbofan aircraft noise
is proposed. The recommended method consists of applying an energy correction, up

to a8 maximum of -10 dB, for that portion of the background noise spectra dominated
by energy-adding or predetection background noise. For the remaining portiom of

the background noise spectra, the non-additive postdetection background noise floor
tends to mask out bands very close to or below this noise floor. A simple spectrum
extrapolation procedure is recommended in this case. Another background noise
correction method for light propeller aircraft noise is also proposed. This procedurg
simply involves application of an energy correction to the "as measured" A-weighted
aircraft signal using the A-weighted background noise level. Procedures are also
suggested for measuring the background noise level in order to account for the
randomness of the fluctuating background noise lcvel.%

TP ST AR 5 R TR P

e

17. Koy Werds 18. Diswibution Stetoment
; Lo . Document is available to the public through

L Correction Prosedures; sackgrouad Neise | Che National Technical Informstion Service,

. . ’ Springfield, Virginia 22161

[

. 19. Security Claesit. (of this ropert) 20. Secwrity Clessif. (of this page) 21. Ne. of rmo 22, Priee

L Unclassified Unclassified 114
! 'I Ferm DOT F 1700.7 (2-72) Reproduction of completed pege avtherized /

Y




METRIC CONVERSION FACTORS

|-|-|-|-
i

Illll l Illllllllﬂll‘JlH‘MILI‘IHILLM ||I'|IJ|IIIIII “llll)ﬂl‘llldll ‘IN,JHL’ M
i | U -r|'|' " '|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'I'|'|'|‘ '|'|'|' '|'|'|' '|'|'|'|'|'|‘|"'|.'l'|-|
8841 T ls of.  TTT---% ‘

i L

S I 11T i?fmm il }
i

8 a2 + 28333 % - l § 3285 1 !' %g
Lt m;s T "mim ' 3!‘

it

et WYY ve ooy, 3%

— '.._______J‘ - | w




-
i
' !j.
!
| 3 ‘
2
[
7
]
L
]
ot
! 1’
AN .

\ Accession

ABSTRACT

The impact of background neise on the valus of PNL, PNLT, end the casviting
EPNL noise mefric in aircraft certification to FAR Part 3¢ is exsmined in this
report, the second in a series of reparts on airciaft neise megsurernant corsection
procedures. Recommended pracedures. to remave background neise effesie fram.
datq measured in the form of ane-third octave hand seund pressure levels for jet
and large propeller aircraft, or data in the form of A-weighted: noise lewels flar
light propeller driven aircraft, are defined. Te ewvaluate backgrewnd npise
corrections for jet aircraft noise measurements, representative spectra of several
commercial turbojet/turbofan aircraft with different ngise frequency charasber-
istics are examined using already developed and two new bockgrawsd mneise
correction methods. After evaluating the various techniques for different natias of
signal-to-background noise, one simple correction method is propesed: for consider--
ation as an "FAA approved" method. The recommended methed congists of
applying an energy correction, up to.a maximum of -10: dB, for that postion of the
background noise spectra dominated by: energy-adding or predatection. backgreuss
noise. For the remaining portion of the background noise spectra, the nonvadilitine:
postdetection background noise floor tends to. mask out bands very clese to or
below this noise floor. A simple spectrum extrapolation. procedure is recommended
in this case. Another background noise correction method for light: propeller
gircraft noise is also proposed for consideration as an "FAA approved” methed..
This procedure simply involves application of an energy correction. to the "us.
measured" A-weighted aircraft signpal using the A-weighted backgraund noise: level.
Procedures are also suggested. for measuring. the backgrovnd noise level in orden to
account for the randomness of the fiuctuating background noise. level.
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BACKGROUND NOISE CORRECTIONS

1.0 INTRODUCTION

Background noise is an ever present quantity which must be considered in
the analysis of all physical measurements. This report is concerned with the
impact of background noise on acoustic measurements made during aircraft
certification to FAR Part 36. It is the second in a series of reports on various

. L3 . - - *
correction procedures for .application to aircraft noise meassurements.|$

The procedures and equipment required in the FAR Part 36 Regulation for
noise certification of commercial turbojet and small business jet aircroft are
described in Appendix A of the Regulmion.I A greatly simplified equivalent of
Appendix A, applicable to light propeller aircraft ( <12,500 pounds) is provided in
Appendix F of the Regulation. Each of these appendices include requirements that
the effects of background noise be considered.

Processing of jet aircraft noise for certification involves a breakdown of
the measured noise at one-half second time intervals into 24 one-third octave band
sound pressure levels at preferred center frequencies covering the frequency range
of 50 to 10,000 Hz. The effect of background noise on these levels is the principal
subject of this report. ;

This effect is explicitly covered in the existing FAR Part 36 Apﬁendix A
requirement in Para. A36.5 (dX3) that states, "Aircraft sound pressure levels within
the 10 di3- down points must exceed the inean background sound pressure levels ---
by at least 5 dB in each one-third octave band (or be corrected under an FAA
approved method) to be included in the computation of overall noise level of the
aircraft." Appendix A also states in Para. A36.3 (fX3) that "when analyzed in PNL
(Perceived Noise Level), the resulting measured background, noise level must be at
least 20 PNdB below the maximum PNL of the aircraft." Correction for
background noise for light propeller aircraft in Appendix F of the Regulation is
limited to the requirement that the measured maximum A-weighted aircraft noise
level must exceed the A-weighted background noise level by at least 10 dB, or
corrections must be made to the measured data for the contribution of background
noise by an approved method.

'Superscripfs designate references listed at the end of this report.
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This report examines correction for background noise in the context of
Appendix A and Appendix F of FAR Part 36, and recommends correction methods
which are considered as suitable candidates for F AA "approved methods" or which
may be included in revisions to F AR Part 36.

In the next section, the basic nature of background noise is defined to lay
groundwork for the remaining discussion. In Section 3 specific alternative
correction procedures which have been reported in the literature and which are
applicable to Appendix A of the Regulation are defined. The “correction"
performance of these procedures is compared with that for two new methads
developed for this study when all are applied to correct representative aircraft
noise spectra contaminated, artificially, with varying degrees of background noise.
The results of this comparison are presented in Section 3.3. o

As outlined in Section 4, no specific procedures for correcting light
propeller aircraft noise data (i.e., Appendix F) for background noise were found in
the literature. However, a general approach is outlined for such a correction
procedure based on a simple analytical madel an'd an equafly,simple field method.

Finally, recommen;iedAprocedures are summarized in Section 5 for con-
sideration by FAA as candidate "FAA approved" methods for applying background
noise corrections.

Supporting materials are contained in Appendices A through D.’

o Appendix A describes the acquisition and processing of aircraft noise
data utilized for this report.

o Appendix B outlines some statistical considerations in background
noise corrections,

o Appendix C presents some detailed comparisons of aircraft flyover
time histories measured with different microphone positions to assist
in evaluation of temporal extrapolation techniques for background
noise problems. )

o Appendix D reviews the analytical basis for extrapolating an aircraft
noise signal in the time domain based on the time history of noise

from a moving nondirectional sound source.




2.0 GENERAL NATURE OF BACKGROUND NOISE

Before unambiguous correction methods for background noise can be de-

veloped, it is necessary to clearly establish just what is meant by the term
"background noise" (it is often mistakenly called ambient noise). The correction
methods to be recommended are, in fact, based on recognition of more than one
form of background noise.

According to the pertinent American National Stundard,2 "background

noise" is defined as:

"the total of all sources of interference in a system used for the :
production, detection, measurement, or, recording of a signal, inde- 1
pendent of the presence of the signal.”

"Ambient noise" on the other hand is defined as:

"the all encompassing noise associated with a given environment,
being usually a composite of sounds from many sources near and
far....Ambient noise detected, measured, or recorded with the
signal becomes part of the background noise."

Therefore, throughout the remainder of the report, the term "background

4 noise" will be understood to represent the overall total of all the sources of
interference with the measurement of the true aircraft noise signal. This is also

essentially consistent with usage of this term in the current FAR Part 36

Regulotion,I hereinafter identified as simply the Regulation. The term “ambient

noise" will be used, where necessary, to denote only the acoustical portion of the

background noise.

Consider, now, a more specific definition of the various types of back-

ground noises.

Figure | provides a conceptual breakdown of an acoustic measurement
system which illustrates the different types of background noise that can be

present. These are:

Np - Acoustic Background Noise or Ambient Noise which is detected by

)
‘ i, the microphone as an acoustic signal. W
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N - Variable Electric Background Noise consisting of wide band random
noise or hum from AC power which is introduced electronically
into the signal processing systen prior to the final gain-changing
attenuator utilized before detection of the total signal.

NEz - Fixed Electric_Background Noise of the same type as above,
introduced between this last attenuator and the signal detection
device. (The output of this detector is an analog or digital signal

corresponding to the noise level applied to the input averaged over
a period of at least one-half second.) With good system design, this
portion of the electric background noise would be negligible but is
included here for the sake of completeness.

NF - Display Background Noise Floor, the minimum level which can be

observed on the output display device. This noise floor is repre- ]
sented, for example, by the bottom scale marking on a sound level
meter, the bottom of a graphic recorder chart, the bottom of an
oscilloscope display of a spectrum analyzer, or the lowest level
that can be printed out by a digital readout system.

As indicated in Figure |, the output Iev;al of the first two elements of
background noise change as the overall system gain changes, although not neces-
sarily in a linear fashion, while the apparent output level of the last two elements
of background noise remain constant. The potential nonlinear change in output
level of the first two elements (i.e., the acoustic and variable portion of the

electric background noise) can occur when system gajn is controlled, as it usually
is, at more than one position in the signal processing chain. In this case, only that
portion of the background noise which is introduced into a system prior to any one
gain-changing attenuator will change its output level linearly (decibel for decibel)
corresponding to the change in attenuator gain. Electric background noise
introduced into a system after this attenuator will, of course, not be influenced by
its setting so that the total background noise level at the output may not change by
exactly the same amount as the total change in system gain. Thus, it is necessary
and sufficient, that, as specified by paragraph A36.3(fX2) in the Regulation, when
recording a sample of background noise, "each component of the (measurement)
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system must be set at the gain levels used for aircraft noise meagurement.® W
other words, due to the potential nonlinear relationship between background neise
level in the output and overall system gain, it is not enough to just duplicete thie
totul system gain; the gain setting of each component of the data system must be
the sume for hoth background and aircraft noise measurements. This ensures that
the background noise will be accurately measured. '

Fortunately, for purposes of developing correction methods to account for
background noise, the rather complex situation described so for can be greatly
simplified by reducing background noise to just two types a8 illustrated in the lower
part of Figure |,

o Predetection Background Noise - consisting of the acoustic and
~electrical background noise, all of which adds, on an energy basis to,
and is nominally indistinguishable from, the true aircraft acoustic

signal; and -

o Postdetection Background Noise - this is simply the noise floor of the
display device. This "noise" does not add to the true signal.

While the existence of these two general types of background noise is
undoubtedly well recognized in the industry, as discussed later, many of the
published procedures for correcting aircraft noise data for background noise either
do not explicitly distinguish between the two t}pes or consider only one of the two
types.

As shown by the next to the bottom row in Figure |, background noise can
be categorized in another way into just two types. This breokdown is based on
whether or not the particular segment of the background noise chonges (in this
case, linearly) as the system gain is changed at the final attenvator utilized in tive
measurement system. As pointed out earlier, the fixed electric background nolve
component (NEZ) introduced into the system between this final attenuator and the
signal detector is, for good engineering design, far befow any of the ofher
background noise components so that for all practical purposes, the noise com-
ponent (Ngy) can be considered negligible and the two ways of cetegorizing
background noise are, for all practical purposes, identical. That is: .
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o The level of predetection background noise, which adds on an energy
basis to the signal, can be assumed to change, linearly, with the final
system gain-changing attenuator, and

o The level of postdetection background noise, which does not add to
the signal, is independent of the system gain.

These mutually exclusive characteristics of the two &ifferent types of

background noise provide one indirect basis for being able to distinguish between
predetection and postdetection background noise in ‘the output.

To illustrate these two types of background noise types more clearly,
examine the hypothetical output of a data analysis system with a time varying one-
third octave band signal input and a postdetection background "noise floor” as
shown in Figure 2. Let the signal to be measured, L(t), be increasing at the rate of,
say, "m" dB/sec., i.e., L(t) = mt, dB. If the predetection background noise level is
assumed, for now, to be a constant N dB and the postdetection background noise
floor is NF dB, i.e., no signal level can be observed in the output display device
that is less than Ne» then the analyzer output level A(t) is given by:

A(H) = 10 log [loL("/'O . |0N/l0] , 8 a1

except that A(t) will never be less than the noise floor N..

Values of A(t) that would be observed at one-half second intervais, are
plotted in Figure 2 for m = 3 dB/sec, and N = -20, -10, -5, 0, and +5 dB relative to
the postdetection background noise floor, NF'

This idealized pattern for the time history of a linearly increasing signal
in the presence of various levels of the two types of background noise clearly
illustrates how the predetection noise begins to add significantly to the signal when
the predetection background noise level is greater than about 10 to |5 dB below the
postdetection background noise floor.

2.} Temporal and Spectral Characteristics of Background Noise

When onalyzing on aircraft flyover signal, the most obvious indication of
the presence of background noise is often provided by distinct differences between
temporal or spectral characteristics of the background and aircraft noise.
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2.1.1 Temnporal Characteristics

Figure 3 presents typical time histories for two different one-third octove
bands observed during an aircraft flyby which illustrate distinct differences in the

time domain.

In each figure, vertical lines delineate the nominal time of occurrence
(before correction for background noise) of the maximum tone-corrected perceived
noise level (PNLTM) aond the corresponding "0 dB-down" times. The data
illustrated were obtained from an extensive set of aircraft noise measurements
carried out, in support of this program, at Los Angeles International Airport.
Details of these measurements are presented in Appendix A.

Figure 3a is for a one-third octave band at 400 Hz where the bdckground
noise is dominated by the acoustic component or ambient noise. This appears, in
typical fashion, as a varying noise, fluctuating about some mean value. Clearly,
therefore, any scheme which attempts to correct an aircraft noise signal for the

influence of such an energy-additive fluctuating background noise is subject to an

inherent statistical error since the level of the acoustic background noise, during

the actual aircraft flyover, can only be estimated statistically on the basis of

measurements of ambient noise before and after the aircraft flyover. A detailed

consideration of this problem is not appropriate here and is relegated to Appendix
B. This residual statistical error will be neglected for now and it will be -assumed
that the level of the background noise, during the time period of the aircraft

flyover, has been accurately determined.

Figure 3b shows the time history, from the same aircraft flyover and
noise measurement position as for Figure 3q, for the 6300 Hz band. In this case,
the background noise is the postdetection background noise floor of the spectrum
analyzer and digital system used to reduce the data. The aircroft signal rises
above, and falls befow, this nonadditive noise floor with essentially none of the
characteristic rounding at the juncture, on the fime axis, hetween o constend
energy-additive background noise and a rising or falling signal such as iljustrated

earlier in Figure 2.

A slight rounding or gradual decrease in rate of change of the aircraft
signal does appear in Figure 3b at the transition points at about 19.5.and 28

. -

s 4 g e
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seconds. This is simply due to the temporal smoothing process utilized in the data
processing over three successive one-half second data samples. This smoothing
process is used to simulate the dynamic response characteristics required of the
analyzer indicating device by Para. A36.3 (dX5) of the Regulation (see Para. A.2 of
Appendix A for further details).

One other feature of the temporal characteristics of background noise
should also be pointed out since it provides one indirect way to distinguish, roughly,
between predetection and postdetection background noise. This feature is the
difference in temporal variation of these two components.

Predetection noise is normally a broadband random noise with significant
random fluctuations over a period of 10 to 30 seconds which have typical standard
deviations in one-third octave band levels of | to 3 dB over this period of time.
Postdetection noise, on the other hand, is characteristically constant with time for
any one sensitivity or gain setting of the output display device. Thus, as shown by
the shaded area in Figure 4, a computer printout of one-third octave band levels at
each one-half second from an aircraft flyover noise analysis will show a charac-
teristic pattern of perfectly constant one-third octave band levels which serves to
identify the presence of the postdetection background noise floor.

2.1.2 Spectral Characteristics

The typical spectrum of acoustic background or ambient noise in urban or
suburban areas is well represented by the results, shown in Figure 5, from three
independent studies of community noise.3" The figure shows that the range of
medion one-third octave band levels (levels exceeded 50 percent of the time) from
these three studies falls within a fairly narrow band over most of the audible
frequency range. The spectrum shape exhibits a peak at a frequency of about
63 Hz ond decreases at a rate of about 4.5 dB per octave above this frequency.
Although the ambient noise spectrum shown in Figure 5 probably does not include
any significant influence of noise from oircraft,' such influence would not be
expected to substantially change its spectrum shape. This was, in fact, borne out
by the ambient noise levels observed during the aircraft noise measurements cited
earlier. For these data, the ambient (acoustic) noise dominates the background
noise at frequencies below 400 Hz and, in this low frequency region, the data show
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esséntially the same spectrum shape as in Figure 5, but with levels increased by .
about 6 df3. '

The spectrum shape of electric background noise in an acoustic measure- .

ment system can vary substantially, depending on the design characteristics of fhe
sysfem and the type and condition of any magnetic tapé utilized for data recordirg.
Advanced data systems may employ digital instead of analog magnetic r'ecofdlﬂg
techniques, in which case, the frequency sensitive electric noise of an analog
recording system may be replaced by a uniform electric noise floor corresponding
to the lowest analog signal level that is registered by the digital system (i.é., the
signal level corresponding to one bit).

‘a
v Figure 6 compares typical values for the electric buckground noise of &
conventional (analog) aircraft noise measurement system with corresponding values
for the acoustic background noise and representative values for the postdetéction
, background noise floor. Note that all three of these elements of background noise
can vary from flight to flight during the course of any séries of aircraft noise
measurements. The acoustic component varies at the output as a function of time
) and measurement component gain settings while the other two components vary as.
a function of the system gain settings only.

The electric and postdetection background noise levels shown in Figure 6
were selected to illustrate a very general case, althcugh not necessarily a fypical
one. In this case, the electric background noise is sufficiently high to protrude
above the postdetection background noise floor at the high frequency end of the
spectrum. Thus, as shown in Figure 6, the total background noise splits mfo the
two types - predetection and postdetection - cited earlier. However, the split is
not necessarily defineable in terms of a single frequency below which only
predetection backgrcund noise dominates and above which only postdetection
background noise dominates. While this latter sitvation may be more frequently

‘ encountered in aircraft noise measurements (see Appendix A), the more generel

: « case illustrated in Figure 6 shows that the spectrum of the two types of background

I, noise may appear as discontinuous segments. This same situation was also apparent .
in the partial listing of a spectral time history given earlier in Figure 4.
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Apparent One-Third Octave Band Sound Pressure Level, dB re 201 Pa

70
] =
i 1 | 1 i S 17
—l R T 1 I LA - VA
e
b an
Predetection - Postdetection
Background Noise H Background Noise Fioor
y s T y 4
i
L. D
A B §
w  { II i
1
1 V4 1
I > |
1 1
L L
] » |
| ! |
}
) §
H V4
X
i | VA 1
} ~ 3
1
i
50 AL - (. 7 - 4 S >
[y D AN
\. o
y4
i AY - o~
= S = C
/
7 SE :
Electric 3 =
40 Predetection LS . 4 N
Background Noise A
AN
R y 4
Acoustic
Background Noise
30
20 Lais-epsio-co—slo 13510 o 2io-ls—epo-x0-ado_sho 155~ 1o-Ro-230 31503040 &0 15~ tpo- 20~

100 1000 10000
FREQUENCY IN HERTZ
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2.2 Measureinent of Background Noise Levels

The preceding paragraphs have illustrated some of the characteristic
features which distinguish pre- and postdetection background noise. This attention
to the temporal and spectral character of background noise has been provided in
order to establish its genera! characteristics in sufficient detail to provide the
foundation for a valid general correction method. Although some of these
characteristics might be used in practice to make this distinction, during reduction
of aircraft noise data, more direct methods of measurement can be readily
employed.

The starting point for such direct measurements is the procedure speci-
fied in the Regulation for recording the ambient or acoustic background noise. For
jet and large propeller aircraft, this procedure is specified in paragraph
A36.3(X2)! as:

"Immediately before and after each series of test runs, and after each

day's testing, a recorded acoustic calibration of the system, prescribed in

A36.3(e)(2) of this Appendix, must be made in the field to check the

acoustic reference level for the analysis of the sound level data. Ambient

noise must be recorded for at least |10 seconds and be representative of
the acoustical background, including systemic noise, that exists during the
flyover test run. During that recorded period, each component of the
system must be set at the gain levels used for aircraft noise
measurement."
Throughout this report, it will be assumed that, in response to this requirement,
good engineering practice would dictate that a total of at least 20 seconds of
ambient noise would be recorded for each test series - 10 seconds before and 10

seconds after.

The procedure for recording ambient noise for light propeller aircraft,
cited in paragraph F36.107(c) of the Regulation, is essentially the same except that
no specified duration is given for recording the ambient noise.

2.2.1 Measurement of Predetection Background Noise

Once the preceding background noise recording has been made with the
proper gain settings, the actual levels of the predetection portion can be readily
determined by analyzing this background noise data and adjusting the dynomic
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range of the output display device temporarily so that its postdetection noise floor
is depressed below the lowest band level of the predetection background noise. For
example, referring to Figure 6, if the sensitivity of the output display device were
increased by 5 dB, the postdetection background noise floor would fall below the
minimum one-third octave band level of the total predetection background noise (in
this case 45.2 dB at 2000 Hz). The true level of this background noise component
could then be read directly. As shown in Figure 6, this predetection background

noise can consist of a combination of acoustic and electric noise. The latter will

" normally fluctuate in level in the usual manner as for any purely stationary random

noise signal while the acoustic background noise, also usually random, can fluctuate
even more due to the potential nonstationary character of the acoustic ambient
noise. In any event, to be consistent with Paragraph A36.3(f) of the Regulation, it
will be assumed that the mean predetection background noise level should be
determined from an energy average of the levels observed over a sampling period
of at least 20 seconds. The expected statistical accuracy of a predetection
background noise sample, measured in this fashion, is discussed in more detail in
Appendix B.

2.2.2 Measurement of Postdetection Background Noise

The postdetection noise floor could ordinarily be read directly on the
output display device (i.e., Ameter, graphic recorder, oscilloscope, or line printer) in
the absence of any input signal. In this case, the system sensitivity; following the
signal detector, would be set to exactly the same value as for analysis of the
aircraft noise data.

The general characteristics of, and methods for measuring, background
noise have now been defined. The next step is to examine how errors introduced by
background noise can be corrected for in aircraft noise measurements, For an
initial approach toward developing such correction methods for background noise,
it will be desirable to define an overall background noise level as an envelope of
the two types; pre- and postdetection background noise. This envelope, signified in
Figure 6 by the heavy dashed line, represents the maximum value of each of these
two background noise components and will be identified from here on as simply the
background noise.
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2.2.3  Simple Test to Distinguish Types of Background Noise

The two types of background noise defined at the begianing of this section
may be distinquished by the following simple test. The analyzer gain, just prier to
detection of the signal, is increased by, say, 3 dB, while the recorded background
noise is being observed at the onalyzer output. If the analyzer output also
increases by essentially the same amount, it can be assumed that the noise is
acoustical or electrical predetection background noise which adds on an energy
basis, to the true signal. (In the unlikely event that both the true and background
signals are pure tones of exactly the some frequency, the two signals will odd, ‘
algebraically, to a total value greater or less than either component, depending on E’
their relative magnitude and phase.) If the analyzer output does not increase, the j
noise is postdetection background noise and represents the analyzer noise floor. If
the analyzer output increases somewhere between 0 and 3 dB, the two types of
background noise have nearly the same level and one is observing a transition from
the non-additive postdetection noise floor to the additive predetection background

noise.

e e TR

R e
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3.0 BACKGROUND NOISE CORRECTION. METHODS - JET AND LARGE

PROPELLER DRIVEN AIRCRAFT

Consider, for now, only correction methods required by Appendix A of the
Reguiation for jet and large propeller driven aircraft. Assume that the aircraft
flyover noise time history, including errors introduced by the background noise has
been reduced to a spectral time history in the form of 24 one-third octave band
levels at preferred frequencies from 50 to 10,000 Hz, defined at one-half second
intervals over the duration of the aircraft flyby. Further assume that the mean
background noise level has been measured as specified in the preceding section.
Alternate approaches to correct for this background noise are outlined in this
section.

3.1 General Approach Currently Defined by the Regulation

Following Paragraph A36.5(dX3) of the Regulcnion,I the 24 levels repre-
senting the mean background noise level spectrum are compared, band by band, to
each one-half second spectrum of flyover data. Under the current regulation, the
sound pressure level in each one-third octave band of the flyover data, within the
10 dB down period, must exceed the corresponding mean background noise level by
at least 5 dB or "be corrected under an FAA approved method" in order to be
included in the computation of the aircraft EPNL valve. However, if there are no
more than four such bands which "violate" this 5 dB signal-to-noise criteria in any
spectrum within the 10 dB down period used to determine EPNL, these bands can
be simply excluded and the PNLT time history and corresponding EPNL determined
without the use of any background noise correction process. Explicit definition of
potential "approved methods" that are employed when this latter approach is not
followed is, of course, the objective of this report.

It should be noted that the exclusion of up to four bands, as allowed by the
Regulation, is partly self-compensating if no background noise corrections are
made to any of the other bands. ("Exclusion" means that the violating bands are
not included in the PNLT computation.) That is, if some bands are excluded
because of their near proximity to the background noise, the rneasured aircraft
signal level for some of the remaining nonviolating band levels would probably be
higher than the true level due to augmentation by energy addition of the
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background noise. This would compensate, in part, for the reduction in PNLY due
to exclusion of up to four violating bands. Of course, a lower PNL weuld be
achieved by first applying, to all 24 bonds, an energy subtraction of the bathgroww
noise and then excluding those "corrected" bands that were sfill within 5 dB of the

background noise level. However, it is our belief that this latter procedure weuld

not be consistent with the intent of the current Regulation provise fer buckireund
noisé corrections since it would result in a final EPNL value consistently below the
true valve.

3.2 Specific Approaches to Background Noise Corrections

A review of background noise correction procedures for aircraft relse
measurement, which have been published by Federal agencies, manufacturers, and
consultants, reveals two extremes. The general features of these procedures are
suminarized in Table 1. At one extreme, energy subtraction techmiques are used to
subtract out background noise for all bands under the assumption it is always
energy-additive to the true signal, while at the other extreme, extrapoiation is
used to fill in missing or violating (fevel < 5 dB above background noise) bands and
it is assumed that any signal above the background noise is the true signal. The
former process is equivalent to recognizing only predetection background notse,
while the latter process might be described as equivalent to recognizing only tw
postdetection background noise floor.

Even when the background noise levels are satisfactorily defined, and the
measured data are properly reduced to the required 24 one-third octave band
valves for each one-half second, and a bockground noise correction procedure is
available, there are still conflicting paths facing the onalyst in determining EPNL.
Some of the considerations that create this conflict are:

o Should any correction procedure for background noise be applied to
aircraft flyovers that have no single one-half second spectra with
more than four violating bands?

o What difference does it make to EPNL whether corrections for
background noise are made or not?

L SN
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Table |

Review of General Features of Published
Background Noise Correction Procedures

Feature Incorporated (See Code)
A B C D E F
Reference ] Source* Time |Freq
6 FAA No Yss [No | No [No [No |Yes
7, 11 SAE No Yes |No [ No [Yes [No |No
8 DOT/TSC No Yes |[No [No |Yes |No |Yes
9, 10 NASA No Yes No | No |Yes |[No [No
Dytec
Douglas
12 Boeing Yes Yes ? Yes [No |Yes [No
13 BBN No Yes |No |[No |[No [No |[Yes
Code of Correction Method Features
A ---- Extrapolation in Time or Frequency
—-- Explicit Recognition of Both Types of Background Noise (i.e., Pre-
and Postdetection)
C ---- Requires Source Distance Information
D ---- Uses Energy Subtraction
E ---- Requires "Source" Spectral Directivity Assumptions
F -—-- Uses a Specific dB/Octave "Roll-Off* Assumption for High

Frequencies

*The attribution of these procedures to specific sources is based only on available
published reports and is not intended to represent them as officially adopted pro-
cedures for any organization.
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o If some one-half second periods have more than four bands in
violation, and some less, should corrections be made only to the one-
half second levels with more than four violations? Or all time

intervals?

o s the |0 dB down duration time determined before or after the:
background noise correction is made?

Many aircraft meet the noise certification requirements of the Regulation-
by only a fraction of a decibel. Thus, proper resolution of a choice between these.
alternative background noise correction proceSses is necessary to retain the
credibility of the requiatory process, since the corrections themselves can differ by
as much as a decibel. The problem is how to essentially remove background noise
contributions in an unambiguous but simpie way and thus determine the proper
aircraft noise levels as if background noise were not present. To be avoided are
procedures which either consistently overcorrect by lowering the PNL, PNLT, and
resulting EPNL below the true aircraft noise levels free of background noise, or
consistently undercorrect and penalize the aircraft noise levels unduly for the
presence of background noise. Based on the following review of existing methods,
and application of the methods to two representative aircraft signatures, a detailed
correction procedure is described which attempts to resolve these problems to the:
extent possible and is thus recommended for consideration as the official FAA

approved procedure.

1.2.1 Application of Band Deletion P’rovisions ot Current Regulation

The FAR Part 36 procedure for considering background noise has already
been described in the preceding section. The band deletion part of this procedure
consists of simply excluding from PNL and PNLT computations those bands that do
not exceed the corresponding mean background sound pressure level by at least 5
dB. The exclusion is limited to a maximum of .four bands in any one-half second
spectrum within the 10 dB down time. If any spectrum in the 10 dB down time has
more than four bands within 5 dB of the background noise, computation of EPNL is
prohibited. The following is an analysis of the‘ effect of applying this band deletion .
approach on typical aircraft noise spectra.
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Figure 7 shows representative takeoff -and approach spectra for 727 ond
. 707 aircraft (at PNLTM) at locations approximating FAR Part 36 certification
positions. These spectra were obtained from the aircraft noise measurements at

. LLAX described in more detail in Appendix A. Data from a microphone position 10
meters above the ground were used to minimize ground reflection effects for this
background noise study. The four selected spectra represent a wide range of
aircraft characteristics; the measured 727 takeoff spectrum was dominated by jet
noise at low frequencies, while the measured 727 spectrum on approach showed
turbomachinery noise around 2000 to 4000 Hz. The measured 707 spectra was
dominated by turbomachinery noise for both takeoff and approach.

" Té evaluate application of the band deletion process, an average back-
ground noise signature was measured when no aircraft were present. Then, for
each aircraft signature, this background noise was artifically increased in level
uniformly at all frequencies and one-third octave bands of the aircraft flyover
spectrum progressively deleted as they began to fall within 5 dB of this hypo-
thetical background noise level. The actual measured background noise spectrum is
also shown in F igure 7.

The result of excluding bands for the four spectra of Figure 7 is shown in
Figure 8. Since the bands contributing to the tone correction were not deleted, the
change in PNL is also equal to the change in PNLT. Figure 8 intentionally shows a
more severe example of band deletion than wold be allowed by the Regulation. The
figire indicates that the reduction in PNL for the exclusion of four bands as
permitted by the Regulation would probably not exceed about | dB, and would most
likely be less than 0.5 dB for most aircraft. The contribution of the background
noise to the remaining bands was considered onl)? briefly. For the worst case,
corresponding to the 727 takeoff spectrum, (curve a in Figure7), removing the
energy of the background noise for the remaining 20 bands, after four were
deleted, would reduce the PNL by less thon'0.3 dB.

While these results are unique to the aircraft and background noise
spectra considered, the plot is believed to adequately represent the worst case for
the sensitivity of PNL/PNLT to the number of bands excluded. The change in
PNLT in Figure 8 is greater than the corresponding change in EPNL for a complete
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Representative Spectra Used to Demonstrate Effect of Deleting Bands Nearest

to Background Noise Spectrum for Computation of PNL
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PNLT time history, since most of the spectra at each one-half secand in the 10 dB
down period would have less reduction in PNLT than indicated by Figure 8 (i.e.,
tower bands would be deleted). Nevertheless, the representative spectra of Figquee

7 and the corresponding results of band deletion shown in Figure 8 do provide e
framvework to examine the relative accuracy of applying this simple cerrection
procedure. The other correction procedures, considered in the following parer
graphs, take a more positive approach by providing some means to replace the
missing or "violating" bands with estimated signal levels approximately free of

‘ background noise. For convenience, the methods are identified by the orgami~

‘e zation(s) publishing the source documents from which the details were drawn. This
identification is not intended to imply that these are officially adopted methods for
any organization.

3.2.2 F AA Correction Procedures

Two references to FAA studies of background noise corrections were

exmnined.6’7 The method outlined in Reference 6 w‘os used to improve the data

R quality in a particular aircraft noise measurement comparison program. The
method is used to apply background noise corrections to high frequency bands in

only the PNLTM spectrum. First, this measured spectrum is corrected for

differences between "as measured" and reference weather-sensitive air obaorgﬂon

losses. Then a slope of -20 dB per octave is used to estimate missing band levels at
the high frequencies using the closest lower frequency band level presumed free of
background noise effects. However, no specific criteria is stated for a signai-to-
noise-ratio for "background noise free" bands. To facilitate an evaluation of this
method, a 5 dB signal-to-noise ratio criterion was assumed for the analysis to be
discussed later in this report. The other FAA study (Reference 7), reports one
background noise correction procedure proposed by FAA which is still under
development. This method is similar to that in a draft SAE procedure (ARP 796)| l
except for the relative signal-to-background noise levels al which different actions

are required, i.e,,

© e
[

1. No change in measured bands which were at least 10 dB above the
background noise.

2. Energy subtraction for measured bands which are 5 to 10 dB above
the background noise,

26
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3. Extrapolate in frequency, to replace all bands less than 5 dB above
background noise by (a) using a linear extrapolation of the nearest

three valid "as measured” signal bands that are free of pure tones, or
(b) using a linear extrapolation based on high frequency spectrum
roll-off rates measured near the source and then extrapolated to the
oppropriate sound propagation distance to determine the effective
roll-off rate at the measurement position.

3.2.3 DOT/TSC Correction Method (Reference 8)

The method was applied only to high frequency bands for which it was
apparently assumed that the background noise corresponded to the postdetection
noise floor and did not contribute to the measured levels, A slope correction
method for bands within 5 dB of the noise floor was used to replace up to 7 bands in
each one-half second spectra. Prior to computing PNL, a slope of -6 dB per octave
was used to determine the replacement value of these "violating" or missing bands
using the adjacent band levels.

3.2.6  NASA/Dytec/Douglas Correction Methods (References 9 and 10)

This correction procedure appears to assume background noise is always
energy additive to the true spectrum. The procedure calls for:

I. Energy subtraction for measured levels within 5 dB to 10 dB of the
background noise (no correction for bands more than 10 dB above the

background noise).

2. Exclude from PNL calculations those measured bands less than 5 dB
above the background noise. '

As . discussed earlier, the concept of always subtracting the background
noise from the measured bands on an energy basis, and excluding bands which do
not exceed the background noise by more than 5 dB, can be expected to provide the
lowest possible (and, in our opinion, unrealistically low) PNL value. This expecta-
tion was borne out by the evaluation reported at the end of this section.
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3.25 Proposed SAE Method (Reference | 1)

. This is a proposed revision of SAE ARP 796 which has been undergoing
changes since 1973 (latest available update, January 1976). The method recognizes
only the predetection (acoustic) background noise involving energy subtraction of
the background noise for all bands. It is similar to the method in Reference 7, but
uses different criterion levels for the required signal to background noise ratio
when applying corrections.

I. No change in measured bands |5 dB above the background noise;

2. Energy subtraction for bands 3 dB to |5 dB above the background
noise (Item a of para. 5.3.3, Ref. 11);

3. One of the following two options for bands within 3 dB of the
background noise:

Method A Exclude them with. no substitution (Item b.! of para.
5.3.3, Ref. 11); or

Method B Extrapolate, in the frequency domain, the "as measured"
levels (i.e., before any adjustment to standard weather
conditions), using the nearest three valid bands (Item b.2
of para. 5.3.3, Ref. |1).

3.2.6 Boeing Method (Reference |2)

This method appears to recognize only the postdetection background noise
floor, since it does not include any energy subtraction corrections. However, no
specific definition is given for just what constitutes the "background noise" levels
to be used for purposes of data analysis. The method is based upon applying one of
two correction equations which require knowledge of source distance, and “as
measured” weather conditions; the corrections are applied to "as measured” spectra
before adjusting for nonstandard weather, The first equation below (the preferred
method), is applied at a given frequency, to extrapolate, in the time domain, from
o valid bond level available at one time period to estimate a missing band level for
on adjacent time period. The method is based on assuming the source is
nondirectional, and applies the following extrapolation equation:

, d. d. -d._
SPL; j = SPL; ;) - 20 log|0<-1:1—l)-<—-+w'|—l)Ai , dB 2

j-




where
‘ )
S is the extrapolated level of a noise-contaminated (missing)
; ') band at the i-th frequency and j-th time, dB
S. is the previous (j-1) noise-free band level at this i-th fre-

quency, dB

d. and d. | are the distances to the source at the j and j-1 time intervals,
) 1 meters

Ai is the appropriate atmospheric absorption coefficent for the i-
th frequency band, dB/100 m

‘e Using the band level from the last (j-1) time period for which a valid level is

] available, this expression simply extrapolates this level to the j-th time period by

accounting only for the change in spreading and atmospheric absorption loss.

The second equation, used only if no band level at a particular frequency
is ever above the noise floor during an aircraft flyby, employs frequency extrapo-
] lation from the next lower valid frequency band by assuming a flat spectrum back

1 at the source (i.e., a source spectrum for which all band levels are equal). That is:

. d,
e SPL; ;= SPLiy - T8 A - A B &)

and the variables are as defined above. This is similar to, but more conservative
than, the second alternative approach to frequency extrapolation proposed in the
F AA procedure as outlined earlier in paragraph 3.2.2, item 3.

3.2.7 BBN Method (Reference 13)

This method provides a general approach for determining "missing band
levels" for any reason and is used here to replace bands within 5 dB of the
background noise,

I. For missing or "violating" high frequency bands, extrapolate using the
nearest two valid band levels, but ensure that the absolute value of

]
S P the negative slope is 18 dB per octave or greater;
1
L. |
1
L . , ,




2. For missing or violating mid-frequency bands surrounded by walid

bands, interpolate from the valid bands on each side;

3. For missing or violating low frequency bands, set the levels equal 4o
the nearest valid band level, i.e., assume a flat spectrum at lower

frequencies.

3.3 Relative Merits of Alternate Correction Methods

As the final step toward development of a possible standard *FAA

A approved" method, consider the relative merits of the various approaches to

Yo bockgrobnd noise corrections, most of which were described in the preceding
paragraphs.

The various background noise correction methods can be summarized as

follows:
. Do-nothing approach (make no corrections). 1

2. Delete "violating" bands without replacement (see paragraphs 3.2.1,

4 3.2.4, and 3.2.5 for example applications of this approach).

3. Extrapolate in the frequency domain with a fixed slope to replace
missing or "violating" bands which fall within a specified criterion
level relative to the background noise (see paragraphs 3.2.2, 3.2.3,
and 3.2.7).

‘4. Similar to method 3, except apply a simple extrapolation technique to
the vofi'd frequency bands remaining in a given spectra (see para-
graphs 3.2.5 and 3.2.7).

5. Extrapolate in the time domain using a fixed time history model such
as the nondirectional source used for the Boeing method (see para-
graph 3.2.6).

) 6. Similar to method 5, except apply a simple extrapolation technique to
(O the remaining adjacent and valid time samples.

' 7. Apply an energy subtraction of the background noise when the
- measured signal plus background noise falls within a specified range
above this noise (see paragraphs 3.2.2, 3.2.4, 3.2.5).

8. Combinations of the above.
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3.3.1 Do-Nothing Approach

A negative or null approach to background noise corrections is not
acceptable. The resultant error in a measured noise certification level would be
undefined and subject to considerable variation from test to test, thus making a
shambles of the integrity of the Regulation. Hence, one of the questions posed
earlier - should a correction be made at all - is answered positively with a definite
yes.

3.3.2 Delete "Violating" Bands Without Replacement

As shown earlier in Figure 8, this op;)'foach, presently allowed by the
Regulation for up to four bands in any one spectrqrh, can result in an error of the
order of -0.5 +0.5 dB in the calculated PNL. As mentioned in Paragraph 3.2.1, this
error is at least partly compensated for by not correcting the remaining measured
bands for the residual effects of background noise. However, as will be shown
later, this band deletion correction method is one of the least accurate methods.
Therefore, it is not likely to be recommended as a suitable candidate for an official
"FAA approved" correction method. However, since the residual error in EPNL
values may, in fact, be quite small, this method deserves more careful consider-
ation to judge its suitability for retention as the simple default procedure currently
provided for by the Regulation.

3.3.3 Extrapolate in Frequency with Fixed Slope "

This simple "band shaping" procedure is easily applied during the data
reduction process to replace missing bands or bands which violate the minimum
allowable margin between the measured aircraft signal and the background noise.
However, since this method applies a single fixed slope to the measured spectrum,
it ¢an only hope to approximate the actual value of the missing bands. The true
slope of an aircraft noise spectrum at high frequencieé varies substantially as a
function of engine type and power setting, propagation distance and weather. The
influence of these factors on the spectrum shape is illustrated in Figures 9 and 10.

Figure 9 shows the general range of spectrum shapes at PNLTM for
takeoff (Figure 9(a)) and approach (Figure 9(b)) for several aircraft types. The

spectra were obtained from the measurement program described in Appendix A and
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have been normalized to a propagation distance of 300 m and to 25°C and 70% .
relative humidity using SAE ARP 866A.'% For convenience in presentation on

these figures, some of the spectra are based on an average of two separate flights

of different aircraft. The two sets of measurements agreed with each other, after

normalization, within on average absolute difference of about 1.6 dB over all 2%

bands. The two 727 spectra are considered approximately representative for

treated and untreated nacelles. ‘

The adjustments to the raw data utilized for these figures, to account for
differences in atmospheric absorption loss due to off-reference weather and
propagation distances, were small - the average adjustment at 4 kHz was about + |
dB. |

In the frequency range of 5 to 10 kHz, where linear extrapolation of the
band levels is most often required for this method, those normalized spectra
exhibit a range of slopes varying from -7.5 to -16 dB/octave for takeoff spectra
and -3 to -13.5 dB/octave for approach spectra. (The average is about -10 to -12
dB/octave for both conditions.) Thus, even for spectra normalized to a standord
distance, temperature and humidity, high frequency roll-off slopes vary substan-
tially among the various aircraft types and operating conditions (i.e., takeoff or
approach engine power).

This does not allow for any additional variation in high frequency roll-off
slopes that may occur when spectra at other than the time of PNLTM are
considered. |t is at these times, of course, when frequency extapolation is most

likely to be required.

To explore this point, the range of high frequency roll-off rates over the
entire time history for many of the flybys rneasured according to Appendix A were
examined. (See multiple time and frequency plots in Appendix A of Volume | of
this series of reports on Correction Procedures for Aircraft Noise Dcml.)ls In

. general, the high-frequency roll-off rates of the unnormalized spectra during the
"10 dB down" period are quite similar to the roll-off rate at PNLTM, except when
turbomachinery-generated pure tone components are dominant. Thus, with the

- -
¢
.

latter exception, the range of slopes for the high frequency portion of the spectra
h’ cw in Figure 9 are considered representative of the range to be expected in practice,
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due solely to differences in aircraft type and operation, disregarding ony differ-
ences due to atmospheric absorption at off-reference conditions.

Figure 10 examines this latter point by showing how the normalized
PNLTM spectra for one of the 727 aircraft, given in Figure 9, changes when the
reference conditions change. For convenience, frequency-independent changes in
inverse square-law spreading loss for different propagation distances are ignored.
Figure 10(a) shows the case for the takeoff condition where the propagation
distance (R) varies over a range of 300 to 600 m - a range that could be
encountered in a takeoff certification measurement (not necessarily for the 727
‘aircraft, however). Also shown is the effect of changing the atmospheric
conditions from a standard 25°C and 70% relative humidity to an extreme value
(15°, 35% RH), corresponding approximately to the limit allowed by the Regulation
for certification measurements (i.e., absorption coefficient at 8 kHz less than 12
dB/100 m),' and to an intermediate value (17.5°C, 45% RH). The wide range of
high frequency roll-off rates is quite apparent.

Figure 10(b) shows the case for a 727 approach PNLTM spectra (drawn
from Figure 9(b) - Flight A) with an approximate propagation distance of 200 m and
three different weather conditions. Again, the variation in high frequency roll-off
rate is substantial.

Table 2 summarizes the values of high frequency attenuation rates found
in Figures 9 and 10 over the highest frequency octave from 5 to 10 kHz. It is
important to note that these attenuation rates are predicted values, based on
application of single frequency atmospheric attenuation coefficients (from SAE
ARP 866A) for each filter band. This method does not account for errors
introduced by the effects of finite sidebands for non-ideal filters employed in
normal aircraft spectrum analysis. This topic, as it relates to background noise
corrections, is to be considered in another report in this series on correction
procedures for aircraft noise measurements.

In summary, considering the very wide range of predicted high frequency
attenuation rates indicated by Figures 9 and 10 and Table 2, it is obvious that the
application of any single value, such as required by the correction method
considered here, is subject to large errors. Thus, extrapolation in frequency with a
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fixed slope is not recammended for consideration as the sole basis for an "FAA

approved® correction method for background noise problems. Howewver, it will be .
shown later that this technique, when incorporated with other features, does

provide an accurate basis for background noise corrections.

Table 2

Range of Predicted High Frequency Attenuation Rates,
in dB/Octave from 5 to 10 kHz, for PNLTM Spectra
for Various Aircraft, Operating Conditions and Weather

Propagation Temperature/Relative Humidity
Aircraft Distance
Type Operation m 25°C/77% | 17.5°C/45% | 15°C/35%
47 Takeoff 300 -7.5%
DC-10 -16
707 -15
727 -8 to -1 |
450 -5 -34 -45
600 -20 -54
DC-10 Landing 300 -12
707 -9
727(8) -3
127(A) -13.5
200 -3 -13 -20

* dB per octave
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3.3.4 Extrapolate, in Frequency with a Slope Based On
The Available "Nonviolating” Bands

This method involves extrapolating the available valid band levels odja-
cent to the missing or violating bands using the slope defined by these valid bands.
Clearly, this method would tend to minimize the error of the previous method
described in the preceding section by allowing the extrapolation slope to vary
according to the valid measured levels. Nevertheless, this method is not without
problems.

Examination of Figures 9 and 10 shows that this technique would be quite
difficult to employ, reliably, at the low frequency end of the spectrum where
spectrum slopes often vary substantially from one band to the next. At the high
frequency end, the technique is more promising, especially for takeoff spectra
which tend to exhibit a pattern of a more nearly constant slope. Even here,
however, one must be prepared to accept a very conservative overestimate of a
missing band or bands since, in many cases, the negative spectrum slope is actually
decreasing more and more as frequency increases over the last one or two octaves.
Also, just as for the low frequency end, some of the spectra (i.e., those for which
turbomachinery pure tone components are very apparent) show erratic slopes at the
high frequency, making it difficult to extrapolate reliably with any type of simple
linear extrapolation rule.

In summary, if it were not for the limitations associated with erratic or
gradually changing spectrum slopes, this method would have definite promise for
application to supplying missing band levels. However, these limitations are
considered sufficiently important to prevent this method from being considered as
a strong candidate for a universally accepted "F AA approved" method.

3.3.5 Fixed Extrapolation Model in the Time Domain

This method, outlined previously in Sectlon 3.2.6, applies a simple
nondirectional source model for extrapolating, in the time domain, to supply
missing or "violating" bands which fall below some signal-to-noise criterion level.
This method has the advantage of being readily applicable to the "as measured"
data without any assumptions about frequency spectrum. Two major disadvantages

are: (1) application of the method requires full knowledge of the aircraft position




at each moment in time (while this must be known for other purposes of aircraft-
noise data analysis, it is not required for any other background noise correetion
method); and (2) the correction method will tend to be conservative : since -
directivity effects are ignored. This last point is illustrated in Figure ||, This:
compares the measured and predicted time history of the one-third band level-at*
3150 Hz relative to its maximum value, for a 727 on approach. Three predictive:
models for the sound level observed near a moving monopole source are illustrated..
The "static" model is the simple one - described earlier in Section 3.2.6 - it
predicts the change in level solely on the basis of changes in spreading and:

absorption loss as the source-receiver path length changes. The "kinematic" model:
includes the retarded time effect due to the finite speed of sound while the-
"acoustic" model is the exact solution for this problem, which also accounts for-
convective amplification of the source output due to its motion. A more complete

discussion of these models is giver. in Appendix D.

Clearly, the simplest static model shows very nearly the same rate :of:
change in level, as the more sophisticated predictive models, except right near.the-
peak of the time history curve. Since this correction method is essentially based-:
on using this predicted rate of change in level with time as the basis for:

extrapolation, the simple static model, as defined by the first equation in Section -
3.2.6, is quite adequate for application to this extrapolation method.

. Consider, now, how successful this method is likely to be. According to
Figure |1, the simple time history model fits the actual measured data quite well
for a portion of the time history near the maximum values. However, near the "0
dB down" times for the measured data, although ;he predicted rate of change of
level for each one-half second is similar to that for the observed rate, the absolute
levels differ substantially. Thus, the ability of any temporal extrapolation to
supply missing bands will vary substantially depending on the starting point for the
extrapolation. For example, if only the band levels at the edge of the "10 dB down"
period must be estimated by extrapolating, the accuracy will be quite good since
the predicted and actual slopes are nearly the same and by starting the extrapo-
lation near the ends of the time history, the decrease in absolute level below that -
predicted by the static model for the entire time history will be properly accounted
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for. However, if the starting point for the extrapolation is closer to the peak of
the time history, the extrapolated levels can be overstated by 5 to 6 dB.

Another example of temporal extrapolation is illustrated in Figure {2
which shows the measured and predicted time history of relative levels in the 80
Hz band during a 727 takeoff. In this case, the major effect of source directivity is
quite apparent - the actual maximum of the time history occurs about 3 seconds
after the time of overhead. Thus, as shown by the dashed lines, if it were
necessary to estimate all levels less than 10 dB below the maximum by temporal
extrapolation, the initial part of the time history would be overestimated by as
‘e much as 9 dB. However, the ultimate effect of such a large error on EPNL would
usually be small. For example, the sound exposure level of the estimated time
history, according to the extrapolation illustrated in Figure 12, is only +0.4 dB
higher than the true value over the 10 dB down period. (Note that for both Figures
Il and 12, the 10 dB down period is the true value based on the period between "10
dB down" times on the PNLT time history.)
3.3.6 Extrapolate in Time with a Slope Based on the Available
' "Nonviolating”" Bands
This method is similar to the previous one except that the slope of the

temporal extrapolation line is obtained from the slope of a "best fit" curve or line

through the available "nonviolating” bands. Exomination of the actual time
histories in Figures |1 and 12 indicates that this technique might be fairly
successful for temporal extrapolation of high frequency bands but the technique
would probably often encounter difficulties for low frequency bands - particularly

if one wanted to use a simple linear extrapolation line with a constant slope.

A more complete evaluation of this technique was desirable so a collec-

tion of time history plots for a number of one-third octave bands from one 727

takeoff have been assembled in Appendix C. The time histories for microphones

‘ near the ground surface (actually 1/2 inch above it), at 1.2 m, and at 10 m, have
! been overlaid for the sake of comparison. FExamination of these figures shows that

the time histories for the low frequency bands are often quite erratic. This is due,
' in part, to the effect of local ground reflection at each of the microphone
positions. At the high frequency end (i.e.,> 1000 Hz), the time histories for the 1.2
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and 10 m microphone positions show very close agreement. However, the values
for the surface microphone show a consistent decrease, relative to the others,
reaching a minimum at about 6300 Hz. This is close to the first frequency (6700

Hz) for destructive interference between the direct and reflected signals fer a. |

"surface" microphone diaphragm located 1.27 cm (0.5 inch) above a rigid plane: with -
the incident sound wave arriving vertically. This aromaly could have been
essentially eliminated by locating the microphone dicpf\mgm' within 0.32 cm (1/8

inch) of the surface).

This form of temporal extrapolation should avoid the error caused by
neglecting directivity effects which was inherent in the‘previous method. How-
ever, the method is not without problems in defining, unambiguously, a valid
extrapolation line for estimating missing bands. This problem appears to be worst
at low frequencies. At high frequencies, providing one is careful to avoid
anomalous results due to reflection or refraction at short wavelengths, the method

appears to be very promising.

A more detailed analysis of the theoretical time history of sound level
observed near a moving monopole source in a uniform, still, lossy medium is
presented in Appendix D. Figure 13, from this appendix, shows that for valuves of
the total absorption, Ae’ over the slant distance Y to the source path, greater than
about | dB, the slope of the time history curve tends to be fairly constant for
values of a dimensionless time variable T(= time x source velocity/slant distance)
greater than |. This seems to reinforce the potential validity of using this method
for temporal extrapolation of high frequency bands. Unfortunately, there are
frequent occasions when a recorded aircraft signal will have no useful signal at all
in one or more high frequency bands. In such cases, temporal extrapolation

methods cannot be used at all.

In summary, while this temporal extrapoiation method is not without
problems, it does show promise as a useful technique for extrapolating high
frequency bands when sufficient portions of the time history are available to
establish the slope of an extrapolation line. One other disadvantage is that this
method adds a minor complication in the data reduction process; however, this can
be resolved by using simple linear extrapolation algorithms suitable for computer

processing.
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3.3.7 Energy Subtraction Methods

An entirely different approach from the preceding extrapolation tech-
nique is provided by the procedure of applying energy subtraction of the back-
ground noise. As established at the beginning, this technique is restricted to
situations for which the background noise is the predetection energy-adding type of
noise. This is nearly always the case at low frequency bands and can occasionally
occur for high frequency bands, as illustrated earlier in Figure 6 (see page 15).
Thus, the most significant disadvantage of this method is that it requires knowing
which type of background noise is present in each band of the total background
noise spectrum. Techniques for making this determination were discussed in
Section 2.2. The only other presumed disadvantage is associated with the
potential error in any one measurement when applying this correction method due
to the inherent statistical uncertainty in the usual fluctuating background noise.
However, as discussed in Appendix B, when one takes into account that this
statistical error is random by nature (i.e., it can be either positive or negative) and
one also accounts for the low probability of a substantial residual error from
multiple measurements (i.e., more than one band, more than one time segment and
more than one flight), the result is a very satisfactory picture for the overall
accuracy of the method. In this regard, many of the other correction methods

outlined will often consistently over- or under-correct for background noise.

One final important aspect of the energy subtraction method is that a
specific criterion must be established for the range of the "as measured" signal-to-
noise ratio, in dB, within which this method will be applied. (The measured "signal"
consists, of course, of the true aircraft noise signal plus the energy-adding
predetection noise.) Figure |4 summarizes the signal-to-noise criteria for the
specific methods reported in the literature. It shows that the span of this critical
signal-to-noise ratio within which the energy subtraction method is used is from 5
to 10 dB above the background noise for correction methods reported in References
7, 9, and 10 and from 3 to |5 dB for methods reported in Reference ||. The lower
limit of 3 to 5 dB is presumably based on the uncertainty in the actual background
noise level during the time of the aircraft flyover, However, a more detailed

evaluation of this problem, carried out in Appendix B, indicates that a much lower
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limit to the signal-to-noise ratio is possible for application of the energy
subtraction method. Furtherinore, it is felt that it is not desirable to have an
upper limit on the signal-to-noise ratio span within which background noise
corrections should be applied. Even though any energy correction becomes
miniscule for a signal-to-noise ratio greater than 20 dB, it is felt that for the sake
of consistency and simplicity in data reduction, there should be no upper limit for
this signal-to-noise ratio.

In summary, the application of an energy subtraction method for cor-
recting for predetection type of background noise is considered a powerful
candidate for an F AA-approved correction method because of its inherent accuracy

and relative simplicity for implementation.

3.3.8 Combined Methods

To be complete, the energy subtraction correction method must be
combined with one of the extrapolation techniques outlined in the preceding
sections to replace or correct missing or violating bands which are masked by the
non-additive postdetection background noise floor. The simplest and potentially
least accurate choice would be to employ the fixed frequency extrapolation
technique discussed in Section 3.3.3. This combination was evaluated in more
detail, as will be discussed shortly, and was found to be very satisfactory. Other
combinations of correction methods are possible, such as the combined (or

alternate) temporal and frequency extrapolation techniques reported in Reference
12.

3.4 Specific Correction Methods Developed for this Report

With the preceding qualitative background as a guide, two slightly
different versions of a combination correction method were developed to provide a
suitable combination of the best procedures outlined so far. The goal was to arrive

at a correction method which would be both accurate and simple.

These methods explicitly recognize the two different types of background
noise (energy contributing and masking). The first method, identified as Wyle |,
performs energy subtraction at lower frequencies and extrapolation, at high
frequencies, to replace measured levels less than 2 dB above the background noise.
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The second method, Wyle I, was included to determine the possible improvement f
‘over Wyle | of first normalizing the "as measured" spectra to a distance of 60 m
(197 ft) and standard day conditions (25°C, 70% RH) before applying any frequency
extrapolation.

The specific steps involved in applying these methods can be described as
follows:

Wyle Method |

I. ldentify the frequency range for which the background noise is pre-
detection noise which adds, on an energy basis, to the measured
aircraft noise (see Section 2.2 for a discussion of methods to make
this determination). Outside this range, the background noise is the
masking non-additive postdetecticn noise.

2. To correct all measured bands whose center frequency is within the
frequency range dominated by predetection background noise, sub-
tract the background noise from the aircraft noise on an energy basis.
If the corrected band is more than 10 dB below the "as measured”

(uncorrected) aircraft noise level, set it equal to the measured level

minus |10 dB. (This is equivalent to limiting the background noise
correction to -10 dB whenever the “as measured" aircraft noise level

is within 0.46 dB of the background noise level.)

3. The remaining bands fall inside the ﬁ’equency range of the post-
detection background noise. Those bands which are within 2 dB or
less of this type of background noise will be identified as "masked"
bands. For all other bands in this frequency range, no correction is
applied.

4. Replace the identified "masked" bands as follows:

For the usual case, when one or more adjacent masked bands exist at
high frequencies, start at the highest frequency for an unmasked band
and replace masked bands at higher frequencies by extrapolation at a
rate of -9 dB/octave or, if greater, by the rate corresponding to the

slope between the level of the highest frequency unmasked band and
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the postdetection background noise floor. For masked bands sur-
rounded on both sides (of the frequency axis) by unmasked bands, no

correction is required.

Wyle Method li

Steps 1, 2, and 3 are the same as Wyle Method |. Step 4 above is replaced
with the following three steps:

4. Normalize the "as measured" spectrum to a standard day (25°C, 70%
RH) and a distance from the source of §0 m (197 ft).

5. For masked, high frequency bands, apply a iinear extrapolation from
the next lower frequency unmasked band of 0 dB/octave for spectra
measured under approach power conditions and -6 dB/ectave for
spectra measured under full or reduced takeoff bower conditions (i.e.,

takeoff or sideline certification measurement sites). As before,

make no correction to masked bands surrounded on each side by
unmasked bands.

6. Convert the "normalized" spectra back to the "as measured" distance

and weather.

This last step could be changed to allow the "normalized" data (60 m,
25%/70% RH) to be converted back to the proper propagation path length
corresponding to a "standard day" flight profile. However, this aspect of data
correction procedures was outside the objectives of this program and was not
considered. This refinement would also have made it difficult to compare resuits
of all the correction methods on a consistent basis, using "as measured" data with
corrections for background noise only. '

At this point, some form of quantitative comparison is desirable to {
provide a more accurate perspective for evaluating the various correction methods
described. Such a comparison is presented in the next section.
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3.5 Quantitative Comparison of Correction Methods

Before aottempting a quantitative combarisbn of the various correction
methods, it was first decided to eliminate from this comparison any temporal
extrapolation techniques and to consider only two general types - frequency
extrapolation and energy subtraction. As pointed out earlier, while at Ieosf one of
the temporal extrapolation techniques (see Section 3.3.6) showed great promise,
this, or any other temporal extrapolation technique, becomes impossible to apply to
a given band which is totally obscured at all times in an aircraft flyover signal.
This is not intended to imply that temporal extrapolation should never be used but
rather that it cannot always be used and hence is not considered further in this
comparative evaluation of candidate correction methods deemed suitable for
adoption as F AA-approved standard procedures applicable to all situations.

Another point in favor of preferring frequency extrapolation over tem-
poral extrapolation is that operating on the aircraft noise signal in the frequency
domain is more consistent with the use of frequency-dependent aircraft noise

metrics such as PNL.

3.5.1 Aircraft Signal and Background Noise Spectra Used for Evaluation

To provide representative spectra for the quantitative comparison of the
different correction procedures, the 727 takeoff and approach spectra from Figure
7 were selected. Since the level of the background noise in each band is required
for application of the correction procedure, the measured background noise level
was increased, first, by 22.7 dB and then by an additional 9.5 dB for the takeoff
spectrum and by 15 dB and an additional 4 dB for the approach spectra in order to
create hypothetical background noise levels within 5 dB of the "as measured" signal
for, first, 4 bands and then 7 bands, respectively. It is recognized that the
resulting adjusted background noise levels are unrealistically high; ho'wever,
essentially the same end result would have been obtained had the aircraft signal
heen reduced, instead, by comparable amounts. The criterion level of 5 dB was
chosen to be representative of the lower end of the critical signal-to-noise ratio
span for most of the correction procedures shown earlier in Figure 4.

Proper characterization of the background noise level also required that

the frequency range for predetection background noise, additive to the true
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aircraft signal, he defined. For this example, this frequency range was restricted
to the low frequency bands below 200 Hz. At this frequency and above, the
background noise was assumed to be postdetection background noise which would
mask, without any energy adaition, any signal falling below the background noise

floor.

Following this background noise definition process, spectra for each of the

flyovers were available in the following forms:
I. The noncontaminated true spectra as originally measured.

2. The contaminated spectra. This represents the new "as measured"
spectra in which the background noise contributes to the original "as
ieasured" band levels at frequencies below 200 Hz, and at frequen-
cies above 200 Hz, replaces the originally measured level to become

the new "as rmeasured" level,

3. The artificially-increasded background noise levels causing the dif-

ference between |. and 2.

These three spectra are tabulated in Tables 3 and 4. The measured bands
within 5 dB of the respective hypothetical background noise levels are identified in
the tables by an underline.

Figures 15 to 18 show the four situations to be examined for comparison
of the different correction procedures. The shaded areas represent the effect of
background noise on the true noise signature. Measured aircraft signal bands

within 5 dB of the background noise are circled.

To provide a suitable basis for comparing the accuracy of the various
correction procedures, both PNL and PNLT values were computed for each of the

test spectra after application of each of the correction procedures,
3.5.2 Results

Table 5 compares the results of the different correction procedures on
values of PNL and PNLT for the two different 727 spectra. The original "as
measured” aircraft spectra represent the reference values for PNL and PNLT .

which are listed on the first row of Table 5. These values are uncontaminated by
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Original and New "As Measured" 727 Takeoff Spectra and

P

Table 3

. e e eme— s e o ey

Corresponding Background Noise Levels to Create 4 and 7 Violations of 5 dB S/N Ratio

Original 4 Violations 7 Violations

Frequency as New (3) | Background(l New (3) [ Background(2)
Measured Aircraft Noise Aircraft Noise
(Hz) (dB) (dB) (dB) (dB) (dB)
50 85.7 87.4 82.5 92.9 92.0
63 96.9 97.2 85.5 99.1 95.0
80 96.6 96.8 83.1 98.1 92.6
100 100.6 100.7 82.9 101.2 92.4
125 99.1 99.1 78.1 99.4 87.6
160 98.6 98.6 77.3 98.9 86.8
200 101.7 101.7 76.5 101.7 86.0
250 102.3 102.3 76.5 102.3 86.0
315 101.3 101.3 75.5 101.3 85.0
400 100.5 100.5 76.5 100.5 86.0
500 99.9 99.9 77.2 99.9 86.7
630 99.1 99.1 77 .2 99.9 86.7
800 97.3 97.3 76.0 97.3 85.5
1000 97.0 97.0 76.2 97.0 85.7
1250 95.8 95.8 76.0 95.8 85.5
1600 93.9 93.9 75.2 93.9 84.7
2000 92.6 92.6 74.7 92.6 84.2
2500 91.2 91.2 74.5 91.2 84.0
3150 89.5 89.5 74,7 89.5 84,2
4000 86.6 86.6 74.5 86.6 84.0
5000 82.4 82.4 74.0 83.5 83.5
6300 79.2 79.2 74,7 84.2 84.2
8000 74.5 74.5 74.5 84.0 84.0
10000 70.7 75.5 75.5 85.0 85.0

(1) Measured Background Noise increased by 22.7 dB to create 4 "violations.”
(2) Measured Background Noise increased by 32.2 dB to create 7 "violations."

(3) Underlined band within 5 dB of New Ba:zkground Noise Levels.
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Table 4

Original and New "As Measured" 727 Approach Spectra and

Corresponding Background Noise Levels to Create 4 and 7 Violations of 5 d8 S/N Retio

——JV‘A

4 Violations "7 Violations
Originol New(3) Background(1) New(3) Background(2)
Frequency as Aircraft Noise Aircraft Noise
Measured
(Hz) (dB) (dB) (dB) (dB) (d8)
50 72.0 76.6 74.8 79.6 78.8
63 75.3 79.7 77.8 82.7 81.8
80 78.2 80.0 75.4 81.8 79.4
100 79.1 80.5 75.2 82.2 79.2
125 77.9 78.6 70.4 79.5 74.4
160 78.5 79.0 69.6 79.7 73.6
200 79.3 79.3 68.8 79.3 72.8
250 80.5 80.5 68.8 80.5 72.8
315 82.6 82.6 67.8 82.6 71.8
400 80.7 80.7 68.8 80.7 72.8
’ 500 80.0 80.0 69.5 80.0 73.5
630 79.6 79.6 69.5 79.6 73.5
800 76.9 76.9 68.3 - 76.9 72.3
1000 77.3 77.3 68.5 77.3 72.5
1250 79.1 79.1 68.3 79.1 72.3
1600 76.8 76.8 67.5 76.5 71.5
2000 78.5 78.5 67.0 78.5 71.0
2500 85.0 85.0 66.8 85.0 70.8
3150 83.0 83.0 67.0 83.0 71.0
4000 84.1 84.1 66.8 84.1 70.8
. 5000 79.6 79.6 66.3 79.6 70.3
"’ i. 6300 79.4 79.4 67.0 79.4 71.0
. 8000 76.8 76.8 66.8 76.8 70.8
- 10000 69.6 69.6 67.8 718 71.8

(1) Measured Background Noise Level increased by 15.0 dB to create 4 "“violations."
(2) Measured Background Noise Level increased by 19.0 dB to create 7 "violations. "
(3) Underlined bands within 5 dB of New Background Noise Level.
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the original "as measured" background noise since the latter was at least 20 dB
below the original aircraft spectra. The remaining valuves in the table represent
the difference between the new aircraft noise levels and the reference PNL or
PNLT values in the first row for each of the new noise-contaminated spectra (see
second row) and after application of the correction procedures considered (rows 3
to |11). The correction methods reported in References 7 and 8 were not included
since the results after applying these methods were expected to be very similar to
results with methods of References || and 6, respectively. At the right side of the
table are the average and standard deviation of the absolute difference in PNL or
PNLT values for each correction method and for each background noise level (i.e.,
4 and 7 bands less than 5 dB above the background noise, respectively).

As shown in the second row, the noise contaminated spectra, without any
correction at all, have an average error of 0.22 and 0.41 dB for the two levels of

background noise. Several of the "corrected" spectra show an even greater error.

Clearly, for the particular test spectra evaluated, these correction methods are
worse than no correction at all. Considering only the first level of background
noise which ~auses no more than 4 "as measured" signal bands to fall within 5 dB of
the background noise (i.e., the current limit in the Regulation), three of the
correction methods evaluated show an average residual error in the corrected PNL
or PNLT values of less than 0.1 dB. These are version B of the SAE ARP 876
proposcﬂI '
7 bands violate the 5 dB criteriq, only the two Wyle methods still show an average

and both Wyle methods. At the higher level of background noise where

residual error less than 0.1 dB. However, three other methods, those from

References 6, 11, and 13, show an average error of less than 0.3 dB.

The correction methods which involve deleting bands within 5 dB of the
background noise consistently show the largest error and, as suggested earlier, will
not be considered for recommendation as "FAA approved" methods. Since the two
Wyle methods show very little difference in average error, the simpler version,
Wyle 1, would appear to be a very suitable candidate for a simple and accurate
correction method for background noise. This was essentially the method employed
for correcting the remaining data acquired for this program (see Appendix A) for
application to other aspects of this overall study of correction procedures for
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aircraft noise dom.IS (The only difference is that the slope for extrapolating to

replace high frequency masked bands was a constant -9 dB/octave instead of the

optionally higher slope provided for in the description of Wyle Method |, Step 4.)

The results of this analysis also shed light on the questions posed earlier
at the beginning of Section 3.2.

o

Con.cerning the need for any background noise correction, the results
in the second row of Table 5 show that errors in PNLT of the order of
+0.1 to 0.6 dB resuited when up to 4 bands violated the 5 dB criteria
and no corrections were applied to reduce this error. Unless this is

an acceptable error, background noise corrections must be applied.

If no more than 4 bands in any one-half second spectra exceeded the
5 dB criteria, then, since this would usually occur for only a portion
of the one-half second PNLT values out of all those involved within
the 10 dB down period, the error in EPNL would normally be less than
the PNLT errors just defined. However, in some cases where several
bands were missing throughout the entire time history, EPNL errors
comparable to the 0.1 to 0.6 dB range could occur. Thus, it is
recommended that background noise corrections be applied to all
one-half second spectra within the 10 dB down period and not to just
the PNLTM spectra.

There is no solid basis for allowing a mixed criteria of not-correcting
ane-half second spectra with less than 4 violating bands and requiring
corrections for other spectra. However, it is felt that this compli-
cation in a correction procedure would be both undesirable, from the
standpoint of accuracy, and impractical, from the standpoint of

simple implementation procedures.

The correction procedures that appear most favorable, version B of
the SAE ARP 876 proposal and Wyle Method |, are best implemented
at the beginning of signal precessing before the 10 dB down duration
is exactly defined. However, if desired, initial conservative esti-
mates of this time period can be made in order to limit the number of
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one-half second spectra to which background noise corrections are
applied.

3.53 Maximum Allowable Background Noise Level

One final point needs to be made concerning the background neise
correction procedure currently specified in Appendix A of the Regulation. -As
stated in the introduction, Paragraph A36.3(fX3) includes the separate requirement
for ‘background noise that its PNL must be at least 20 PNdB below the maximum
PNL of the aircraft. Based on the accuracy of the best background .noise
correction methods, it seems reasonable to consider allowing this 20 PNdB
differential to be reduced to about 15 dB, providing all one-half second spectra
within the "10 dB down" period were corrected, at all frequencies, for background
noise using the optimum methods defined above.

As a matter of practical interest, the PNL of typical background noise
levels that actually occur during aircraft noise measurements are usually much
more than 15 dB below the maximum PNL of the aircraft flyover noise. For the
first 50 of the aircraft flyby measurements obtained at LAX for this study, which
are defined in Appendix A, the average difference between the background PNL
and PNL of the aircraft, at PNLTM, was 25 dB with a standard deviation of 6.5 dB.
Only 4 percent of the measurements had PNL aircraft signal-to-background noise
ratios less than 15 dB and the accuracy of the EPNL values for these is probably
marginal. However, another 24 percent had a PNL signal-to-background noise ratio
between |5 and 20 dB and valid EPNL values were obtained from these

measurements,
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4.0 BACKGROUND NOISE CORRECTION METHODS - LIGHT PROPELLER
. AIRCRAFT

As defined in Appendix F of the 1Requlation, the current background noise
correction procedure for noise certification of light propeller aircraft is limited to
one simple requirement. The measured maximum A-weighted aircraft noise level
must exceed the A-weighted background noise level by at teast |10 dB or an
approved method must be applied to the measured data to correct for the
contribution of this noise. No specific procedures were found in the literature
which constituted candidate "FAA approved" methods. Therefore, the following
simple analytical approach and supporting field measurement procedure was

‘o

developed to provide the possible basis for such an approved method.

It will be shown that the "as measured" A-weighted aircraft noise level,
when measured directly on a sound level meter with the A-weighting network
employed, can be corrected for the contribution of background noise by simply
subtracting, on an energy basis, the corresponding A-weighted level of the latter,
This process does not involve breaking the aircraft and background noise signals

, down into one-third octave bands, although such .an analysis may be desirable, in
some cases, to allow corrections to the data for nonstandard weather conditions. It
also does not involve consideration of the two types of background noise. Only pre-
detection, energy-adding background noise is involved. It will always be necessary
to have a measurable signal above the postdetection noise floor of the sound level

meter in order to inake any valid observation,

4.1 Analytical Basis for Correction Method

It is convenient, at this point, to assume that the aircraft and noise signal
have, in fact, been analyzed into one-third octave band spectra. To simplify the
notation, let Ai and Ni represent, respectively, the relative intensity of the
aircraft and background noise signals in the i-th one-third octave band. Similarly,
let Wi represent the relative weighting, in terms of intensity, for an A-weighting
network. These three quantities can then be defined by:
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L AUF/10

A= 10
L. (f)/10
Noo= 10 N™i
‘N(fi)/lo

where L A(f i) and LN(f i) are the one-third octave band levels, in dB, of the aircraft
and background noise signals, respectively, for the i-th band and W(fi) is the
A-weighting factor, in dB, for the same band.

The "as measured" A-weighted aircraft noise level, LT A? including the
energy addition of the background noise, can be expressed by the summation over
all 24 one-third octave bands, of the combined, A-weighted intensity of the

aircraft and background noise signals as:

24
Ly = |0|og[z (A, +N) - wi] ,dB (4)

Similarly, the A-weighted background noise level alone, LN A’ neglecting, for now,

its statistical fluctuation, will be:

LNA = 10 log [% (Ni-Wi)] , dB (5)
i

The "as measured" aircraft signal, including background noise, could now be
corrected for the contribution of the latter by subtracting it, on an energy basis,
one band at a time and then re-adding the noise-corrected band levels to determine
the true A-weighted level (L A) of the background-noise-free aircraft signal. This
operation can be represented by

L = 10log [% [(Ai +Ni)-Ni] -wi]

24
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However, the summation in Eq. (6) can also be expressed as:

24 24

Ly = 10log Lz (A +NY W, = T (N W)
i i
- Lol /10 Lua/10
= 101og [ 10 TAT™ 1o NA ] ®)

and one obtains an expression which simply describes the process of subtracting, on
an energy basis, the overall A-weighted background noise level from the "as
measured” A-weighted aircraft-noise level. Thus, the desired noise-free
A-weighted aircraft signal level can be obtained very simply without having to

revert to one-third octave band analysis.

Statistical Considerations

The preceding analysis necessarily assumed that the measured background
noise level accurately represented the level existing at the time the combined
aircraft and background noise level was measured during an overflight. Appendix B

analyzes the statistical error involved in this assumption.

First of all, it is assumed that the background noise can be treated as a
stationary random signal with a normal distribution of noise levels. Then, a 50
percent safety factor is applied to allow for deviation from this ideal model. The
result is a simple rule of thumb for the "as measured" signal-to-noise ratio which
has been selected so that one could expect less than a | percent chance that the
average of the "as measured" aircraft noise levels, after correction on an energy
basis, for the background noise, will be understated by a residual error greater than
0.1 dB. By the same rule, one should also expect that there is less than a 0.l
percent chance that the residual error exceeds 0.5 dB. This rule of thumb for the
recommended "as measured” signal-to-noise ratio, S/N, for measurement of
A-weighted noise levels of light aircraft is

SIN~5+¢0 ,db (9)

where O is the standard deviation of the background noise level in dB. A simple
field procedure for estimating the latter is defined in the next section.
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The residual error, considered here, assumes that the corrected aircraft

noise level is based on the results of at least six separate flights, as required by

Appendix F of the Regulation, and that the aircraft signal from each flight is.

corrected, on an energy basis, for background noise level. (This small residual

error is attributable only to the randomness of the background noise and weuld.

usually be exceeded by other errors due to the measurement system or offs
reference flight conditions.)

Following the concepts just described and assuming a typical standard
deviation for the acoustic ambient background noise of 5 dB, a recommended "as

measured" signal-to-noise ratio of (0 dB is obtained. This is consistent with the.

current requirement in Appendix F of the Regulation. Therefore, no change in this
criteria is recommended at this time, although a higher signal-to-noise ratio would
be desirable in situations where O was much greater than 4 dB and highest accuracy
is desired for application of the background noise correction.

A lower signal-to-noise ratio than the recommended minimum value
defined by Eq. (9) con be used at the expense of an increase in the statistical error
due to the randomness of the background noise. For example, based again on the
average of six tests and the same 50 percent safety factors as employed eariier,

the following alternative expressions could be used to define less conservative "as.

measured" signal-to-noise ratios. For less than a | percent chance of exceeding a
residual error of underestimation of 0.5 dB, the required signal-to-noise ratio
should be

S/IN=1+0,50 , dB (9a)

and for less than a | percent chance of exceeding a residual error of underesti-~
mation of 1.0 dB, the required signal-to-noise ratio should be

S/N=0.5+ 0.30 , dB (9b)
Thus, for an average o of 5 dB, these expressions indicate required signal-to-noise

ratios of 3.5 and 2 dB, respectively.

In lieu of accepting these lower signal-to-noise ratios and corresponding
increases' in statistical errors, the preferred approach would be to employ a lower
flyover altitude for data acquisition to achieve the desired signal-to-noise raiio
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given by Eq. (9) and then correct the measured level back to the standard 1000 ft
flyover altitude.
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Field Measurement Procedure

In Section B-6 of Appendix B, the subject of statistical error associated

with measurement of the background noise is disci:ssed in detail. The following

steps summarize the basic procedure developed.

Using a standard sound level meter set to A-weighting and "SLOW"
response, read a total of 20 preliminary "snapshot" samples of the
instantaneous background noise level every |5 seconds over a total
period of 5 minutes (I5 second intervals provide a comfortable

spacing to allow one observer to record the data between reddings).

Compute the standard deviation (0) of this sample of 20 readings
(see Section B.6.| in Appendix B for the relevant expression).

If this initial estimate of the standard deviation of the background
noise is 4 dB or less, accept the arithmetic mean value of this sample
of 20 readings as the true mean A-weighted background noise level to
be subtracted, on an energy basis, from each of the "as measured"
aircraft noise levels.

If the initial estimate of the standard deviation (0) exceeds 4 dB,

compute the size, N, for a larger sample by

N = 20[o /4] 10

Repeat the "snapshot" measurement procedure of Step | but, for the
new, larger sample retaining, for convenience, the same sampling
interval of 15 seconds. Use the mean value from this lurger sample
for application of the energy correction for background noise.

For example, if the initial estimate of the standard deviation of the background
noise was 6 dB, then a new sample should be made for a total of 20(6/#)2 = 45

somples every |5 seconds over a period of 45 x |5 = 675 seconds, or about ||

minutes.
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If all measurements are tape recorded instead of being read directly on a
sound level meter, then each "sample" can be considered as lasting | seéond and, in
the above example, a 45 second continuous recording of the background noise would
be required, instead of an intitial 20 second recording, in order to establish the
final mean background noise level.
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5.0 RECOMMENDATIONS FOR BACKGROUND NOISE CORRECTIONS
TO NOISE CERTIFICATION MEASUREMENTS FOR AIRCRAFT

The results presented in the preceding sections have been used to develop

the following recommendations for consideration by FAA. These recommendations

are designed to provide a framework for "FAA approved" methods to correct

aircraft noise certification measurements for the influence of background noise.

There is also a need to establish similar correction procedures in ICAO Annex 16.

However, it is expected that the following recommendations should undergo a

careful review by FAA and by various segments of the aviation industry before
they should be considered by ICAO or be adopted by FAA as "approved methods."

5.1 Correction Procedure for Jet and Large Propeller Aircraft

The correction procedure should be based on explicit recognition of
two types of background noise - the energy additive type which is
introduced into the measurement system before the signal detector
and the non-additive masking type which is present as a noise floor in
the analyzer output. These two types can be conveniently labeled
predetection and postdetection background noise. Corrections for
these two types of background noise should be applied, as appro-
priate, to all bands, for each one-half second spectra throughout the
10 dB down period and not to just the spectra at PNLTM. (Simple
procedures, such as defined in Section 2.2, should be used to identify
the frequency range dominated by each type of background noise.)
Furthermore, it is recommended that (1) for consistency, an FAA-
approved background noise correction procedure be applied at all
times, regardless of the level of the background noise, and (2)
consideration be given to allowing the PNdB differential between the
background noise and the maximum PNL of the "as measured"
aircraft signal to be reduced frorn 20 to |15 PNdB, providing the rest
of the recommended correction procedures are employed.

In the frequency range where the former energy-adding type of noise
is present, a simple energy subtraction of the background noise should
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be applied to each one-third octave band whose level is at least 0.46
dB above the background noise. For bands below this criterion level,
a maximum correction of -10 dB is applied.

In the frequency range where the latter (masking) type of backgreund
noise is present, whenever the "as measured” one-third octave bond
level is at least 2 dB above this background noise ftoor, or is
surrounded by bands which satisfy this criterion, no correction is
applied.

Whenever one or more of the contiguous high frequency “as
measured" one-third octave band levels is less than 2 dB above this
background noise floor, they shall be considered as masked bands and
replaced by extrapolated values starting from the (unmasked) one-
third octave band with the highest frequency which is also 2 dB or
more above the background noise floor. The extrapolation slope shall
be -9 dB/octave or, if greater, the slope corresponding to the
difference between the highest frequency unmasked band and the
(masking) background noise floor.

The one-third octave band levels of the background noise should be
based on a sample of at least 20 second duration, or longer if the
estimated standard deviation of the background noise exceeds 4 dB.
A specific procedure for defining a suitable measurement period is
given in Section B.6 of Appendix B.

The current default provision in the Regulation aliowing deletion of
up to 4 one-third octave bands in any one-half second spectrum is
considered a questionable procedure to retain in the Regulation. It
showed a consistent tendency to underestimate the true PNLT by
about 0.5 dB for the cases considered in this study. However, a more
detailed evaluation of this procedure may be necessary before it can
be categorically rejected as unsuitable for a default background noise
correction procedure.




5.2

Correction Procedure for Light Propeller Aircraft

The recommended procedure simply involves  applying
energy subtraction of the A-weighted background noise level to the
A-weighted "as measured" aircraft noise level for each of the six or

more tests required by Appendix F of the Regulation.

The A-weighted background noise level should be measured from a
sample of at least 20 "snapshot" readings with a standard sound level
meter. If the background noise is determined from a continuous tape
recording, a 20 second recording is the equivalent minimum sample
period. More samples (or corresponding longer recording times) are
recommended if the standard deviation of the estimated background
noise level exceeds 4 dB (see Section B.6 of Appendix B for specific
details).

The current requirement in Appendix F for a nominal signal-to-noise
ratio of |10 dB should be retained as a minimum criterion for
measurements of light propeller aircraft. In some cases, this will be
difficult to achieve at the currently required overflight altitude of
1000 ft. In this case, it may be necessary to either accept a greater
statistical error at a lower signal-to-noise ratio or, preferably, use
lower altitudes for the measurements and apply suitable corrections

for the change in propagation distance.
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APPENDIX A
AIRCRAFT NOISE DATA ACQUISITION AND PROCESSING

A.l Acquisition

Measurement sites in the vicinity of Los Angeles International Airport (LAX)
were used to obtain samples of ineasured noise for different types of aircraft at
locations representative of FAR Part 36 (takeoff, sideline and approach). The
locations are shown in Figure A-| and described in Table A-|. The takeoff location
is much closer to brake release than specified in the Regulation because of airport

geography restrictions.

Microphones were placed at ground level, 1.2 m and 10.0 m as shown in
Figure A-2 over both a hard surface (concrete/asphalt) and a soft surface
(sand/grass) with the two surfaces separated by about 10 m. In all cases, the
microphones were oriented with the diaphragm horizontal. The ground level
microphone was located with its diaphragm a distance of 1.27 cm (0.5 in.) above
the ground surface. Measurement sites were selected to be in open, generally flat

areas as free as possible of nearby reflecting obstacles.

Three two-channel Nagra tape recorders were used to record the acoustic
pressure signals from the six microphones. Correlation between microphones was
maintained by using a common IRIG-B time code generator as shown in Figure A-3.
The IRIG time was noted at aircraft overhead (or sideline) together with air-
line/flight number/ airércf? type information. A photograph was taken at the
aircraft overhead position (or point of closest approach for sideline). The
microphones were B&K half inch condenser type 4133. Windscreens were used on
each microphone. Calibrations were performed on each tape immediately before
the start of measurement using pistonphones (B&K types 4220 and 4230) and a pink
noise generator (General Radio 1382). The same three calibrations were recorded
at the end of each tape. Recordings of the acoustic and electric background noise

level were also made at several times during the test series.

The tapes were reviewed in the laboratory by examining the L atime history

(see Figure A-4), and selections made for digitizing. Aircraft powered by different
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Table A-1
Microphone Locations and Surface Conditions

1.  Sideline Location (9000 Feet from Broke Release, 1600 Feet Sideline)

Microphone Altitude/Surface:

10 Meters/Sandy Grassland

10 Meters/Asphalt

1.2 Meters/Sandy Grassland

1.2 Meters/Asphalt
*Ground/4' x 4' x 3/4" Plywood Board over Grass
*Ground/Asphalt

2.  Tokeoff Location (11,100 Feet from Brake Release, 200 Feet Sideline)

10 10 Meters/Concrete
1.2 Meters/Concrete
*Ground/Concrete

3.  Approach Location (7000 Feet from Threshold, Under Flight Path)

10 Meters/Grass (Short Cut)

10 Meters/Asphalt

1.2 Meters/Grass (Short Cut)

1.2 Meters/Asphalt
*Ground/4' x 4' x 3/4" Plywood Board over Grass
*Ground/Asphalt

*Ground microphones were inverted with 1/2 inch space between
diaphragm and ground surface or wooden board.
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Figure A-2. Three Microphone Array (10 m, 1.2 m and Ground Microphone
for Measurement of Aircraft Flyover Noise (Hard and Soft
Ground Surface).
Note: Ground microphone was inverted, not embedded into
ground as shown.
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power plants (high by-pass and low by-pass engines) were selected for each of the
locations.

Digitization of the selected flyovers and of the background noise was
performed with the use of a GR 1926 multichannel rms detector and a GR 1925
one-third octave band filter system. The average sound pressure level for each one-
half second of each selected flyover for each of the 24 frequency bands was
obtained and stored without consideration of time constant requirements, i.e., no
temporal weighted averaging was incorporated in the digitization process. A PDP
Il computer was used to write the digitized data on tape and, after reformatting,
the data was stored by Wyle Laboratories on o Univac | 108 computer for analysis
(one-third octave band sound pressure leve! data one-half second time histories
referred to as "spectral time histories" or STH).

In order to capture where the aircraft was located relative to the microphone
at the time of noise emission corresponding to each one-half second of recorded
data, data from the FAA ARTS (Area Radar Tracking System) were provided (by
courtesy of FAA). The aircraft overhead time was used to correlate ARTS time
and the IRIG-B time code. The ARTS data was used to determine aircraft speed
ond flight path gradient as well as distance to the microphone.

Meteorological data was recorded before and after each period of noise
measurement.

Speciral time history piots for seiecied fiyovers are contained in Appendix A
of Volume | of this series of reports. 15

Prior to utilization of the data for this study on background noise, the data

were "cleaned" by applying the following temporal smoothing process.

A.2  Data Processing

The instantaneous one-half second spectra were smoothed in the time domain
according to F AR Part 36, Section A36.3(d)(5). The formula used in this study was:

SPL, SPL, SPL,
SPlomoothed, i = 101090022 "2+ 035z '"'iousz ) a8




where SPL s the sound pressure level in d3 in any one one-third octave band, i

mdicates the current one~half second sample {i - | identifies the sample one-half

second earlier, i - 2 identifies the sample observed | second before "i"), and z
0.1

equals 10777,

The preceding temporal weighting expression was provided by Mr. Ed Rickley
of the DOT Transportation Systems Center. 1 is based on a trial and error
evaluation of suitable weighting constants for the sum of three successive one-half
samples which gives approximately the same level for o variety of short pure-tone
pulses (e.q. 1/2 sec long) applied to either a computerized aircraft noise data
reduction systern or a standard sound level meter. The result is that a digital
equivalent of an effective RC time constant is achieved for the data reduction
system which closely approximates that provided by the sound level meter, thus, in
effect, satisfying the requirement for dyramic response of the data reduction
system as defined in Section A36.3(d)(5) of - AR Part 36. The latter requirement is
very nearly the same as specified for dynamic response of « standard sound level
meter in ANS! Standard S1.4-1971.

As a matter of interest, a simplified analytical model for the dynamic
response characteristics was also evaluated by assuming that the three weighting
terms should correspond to the average value of [| - exp(-t/T)] and exp(-t/ T)
for t = 1.0, 0.5 and U sec and 7= i.0 sec. These terms correspond to the effective
build-up und decay response, respectively, of an RRC network to corresponding step
increases and decreases in signal input, The 127 time constant (T) of | sec closely
corresponds to that required to satisfy the dynamic response requirements of either
FAR Part 36 or ANSI S51.4-1971. The result of this anclysis gave time weighting
constants, normalized to sum to wunity, of 0.2, 0.33 and 0.47, very close to the
experimentally determined time-weighting values of 0.2, 0.35 and 0.45 for three

successive time samples specified in the preceding expression.
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APPENDIX B

STATISTICAL CONSIDERATIONS IN BACKGROUND NOISE CORRECTIONS

8.1 Introduction

A very simple model is desired to evaluate the statistical characteristics of
the energy summation of a typical background noise, which varies randomly in
time, and a specific aircraft noise level. This problem is important when
considering potential errors introduced by the random nature of background noise
when simple energy subtraction schemes are applied to correction "as measured"
signal contaminated by background noise. The following evaluation of this problem
stresses acoustic background noise since the statistical characteristics of this
portion are not as well defined whereas statistics of electrical background noise
can usually be well defined as characteristic of an ideal random noise (or of fixed
sinusoids in the case of electrical noise dominated by power line "hum").

From analysis of a large number of surveys of the acoustic background
B-1, B-2

noise in communities, it is possible to define approximate values for

several key statistical parameters of typical outdoor acoustic environments which

relate to this problem.
o The instantaneous distribution in levels,
o  The standard deviation of these levels and
o The approximate correlation time of the acoustic background noise.

B.2 Distribution of Instantaneous Levels

As outlined in Reference B-1, the distribution of instantaneous values of
outdoor acoustic background noise levels is described by a Rayleigh distribution
rather than a normal distribution. However, for purposes of this report, the two
distributions are not substantially different for statistical levels in the range of
L90 and L, (levels exceaded 90 to {U percent of the time). Thus, it is not
unreasonable to assume, to a first approxiination, that acoustic background noise

levels are normally distributed.

B-1
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B.3 Standard Deviation of Ambient iNoise Levels

As shown in Figure B-1, the standard deviation of the instanianeous values
of daytime acoustic background noise levels varies substantially and exhibits a
crude trend of increasing value with decreasing value of the median (LSU) doytime

ambient noise level. A value of 5 dB may be considered representative.

B.4 Correlation Time of Ambient or Acoustic Background Noise

The characteristic time peried during which successive samples of a typical
ambient noise environment will remain highly correlated is significant for two

reasons.

I. The ambient noise levels should be measured, and averaged, over a
time period which cf least exceeds this correlation time by about 6
times to obtain minimum acceptable accuracy. This is equivalent to
saying that at least six independent random samples of the ambient

noise levels are required.

2. Any estimate of the ambient noise level existing during the time of
the aircraft flyover can, fo a first agpproximation, assume that the
esti mated level is equivalent to a new random sample from the same
"population" of ambient noise levels, providing the new time period
falls well outside the originul measurement time by at least one
correlation period. This mckes it possible to apply simple stotistical
concepts to estimate the probable level of ambient noise that actually

exists during the time of the aircraft flyover.

It is also necessary, of course, tc assume that the ambient noise environ-
ment is essentially "statisticaliy stationary" throughout the total time span
including both the ambient and aircraft noise measurements. This ensures that the
true mean and standard devigtion of the ambient noise level will not change

throughout this period.

Very limited data are avdailable which provide direct estimates of the
correlation time of ambient noise levels. A rough estimate can be made, however,

for the typical case in urban and suburban areas that might be used for aircraft

certification measuremerts where unbient noise is generally dominated by highway
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tratfic noise. (Good engineering practice would dictate that ambient and aircraft
certification noise measurements not be made when significant noise from other
aircraft is present,) Under these conditions, available information on the temporal
characteristics of ambient noise levels, dominated by noise trom a busy high-
way.B"'% indicates that this correlation time would have a typical value of the
order of 3 seconds. Thus, a 20 second sample of ambient noise (see discussion in
Section 2.7, page 16) would satisfy the first requirement stated above that the
measurement period should at least equal about 6 times the correlation time. Also,
it the abient nnise level is measured for [0 seconds just before the test aircraft
naise hecarnes audible and for 10 secondz just after it becomes qudible, then, for
normal aiccraft flyovers, this will ensure thai the ambient noise measurement
oeriod and the |0 43 down aireratt noise measuremert period are separated by at
least 1 seccnds thus satisfying the second requirenient eoncerning ~orrelation time
stated o the previous page. The nel result iz ihat it hould narranlly be recsonable

to apoly the following simple statisticar annlvsic ic a3t e tho probabiiity that a

given ombient or dcousiic background nnisz level will exist duriig the aircraft
flvover and thus solve the problem posed ¢t the beginning - ~amely. the statistics
of the energy sum of a randomiy varving noise ‘the amhiani jwoise 'evel) ond o fixed

(airc;oft noisel signal.  However. it must ue simprasized il (nder certain

circomstances, the ambient noise rmay hovie oo oreicticn ae-"ee mech lono=r than 3
seconds. In this case, to obtain g statiicalls alid womrte ot the o Yo noise,

the total rmeasurement time should be increased suostentiad - | cond 20 ~oconds,
This situation may occur in redaiively autet coop i T o it o quane

noise Intrusions occur,

5 l.nergy Summaiion of o Fixed

Bockground Noise I evel

nal evel and ¢ Hendornty Vo Ying

Siven a fixed Caireraft) cogiat e 08 D ch sy Gaale e toird octave
bared sounl level for one particolar one-hatf secane cormmpes core a rondoaly varing
backgrennd noise with a normal distribution oi jevels, a mear value 'A,J . and @
standard deviation o, define the statistical characteristios of their encras cum.

Assiie o value of 5 dB tor 0, as sugaested earlics in parngraph B.3,
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The probability that the random background noise level LN will fall within

the i-th range of L. - Al2 to Li)1i + A/2 is defined from the integral of the
normal probability distribution by:U_
LNi +A/2 )
| -— 2 (B8-1)
PLyy = Ly +8/2) = — / e"p[‘(LN'LN’/ZU] diy
' Vo O o,
Ni - A/2

This is also the probability that the energy sum LT of LS and LNi + A/2 will occur
which has the value

L /IO L../10
INi ] , dB B-2)

Lt =10 log [10 40

These expressions can now be applied to define the problem illustrated in Figure
B-2. This illustrates how one can erroneously overestimate the true aircraft signal
by applying an energy correction to the "as measured" signal plus noise based on
the measured mean value of the latter. Figure B-2(a) represents the case where
the actual background noise level present during the aircraft flyover was higher
than the assumed mean value by at least an amount €N dB. In this case, the energy
correction A dB, based on the mean value of the background noise level is not
large enough. The result is that the "as measured" level, after correction, is high
by at least the amount € - the difference between the true aircraft sigral Ls and
the assumed value LS', where the latter is based on the presumption that the
background noise signal at the time of aircraft flyover, is LN instead of its true
value LNi' The same phenomena can also cause an underestimate of the true signal

after correction for a nominal background noise level.

These concepts and equations (B-1) and(B-2)were used to construct the
curves in Figure B-3 which define the probability of over or underestimating the
true signal level from just one measurement by the amounts specified after
applying an energy correction for a background noise level based on its mean level.

The background noise is assumed to be wide-band random noise with normaliy

distributed instantanecus levels and a standard deviation of 5 dB.
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Assumed Trve
Conditions Conditions

Conceptual lllustration of Applying an Energy Subtraction () to Correct

an "As Measured” Signal + Noise (LT) for the Bockground Noise (LN).

This con result in an overestimate (L") of the trve signal (I.') by e .
residual error (c‘) due to the random vnri:.ﬂon (ON) of the bockground ’
noise level (LNI) about its mean valye (LN). .
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Random Variation of Background Noise Between Time of Its
Measurement and Time of Aircraft Flyover. (Standard Deviation
of Background Noise 5 dB.)
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For example, if the meon background noise level is 10 dB helow the true
signal level, application of the nominal energy correction to the megsured signal
plus noise will, 20 percent of the time, result in a residual overestimate of the frus
signal by at least 0.5 dB or an underestimate of the true signal by at least 0.3 dB.
The corresponding residual errors that would be exceeded 5 percent of the time are
approximately 1.6 dB (overestimate) or 0.4 dB (underestimate) respectively.

This seems to represent a potentially large error when energy subtraction
is applied to correct a contaminated signal for rondom background noise. However,
two factors will prevent such large errors from occurring in the final resuit. Fiyst,
the data on Figure B-3 is the probable error for just one measurement. Since a
miminum of 6 flybys are presently required by the Regulation for each certifica-
tion measurement, the overall probability that the residual error defined in Figure
B-3 will occur in the final mean certification level is drostically reduced. For
example if the probability of exceeding a 0.5 dB error is 20 percent for just one
measurement, the joint probability thot each measurement of the same one-third
octave band level would be overestimated by at least 0.5 dB for all six overflights
would be the sixth power of the probability for just one occurrence, or:

P20.5) = P(e>05) © = 025 =64 x 107 or <001%

Clearly this is a negligible risk.

A further analysis has shown that the following expression defines the
required "as measured" signal-to-noise ratio (5/N), in dB, as o function of the
allowable residual error (¢) in dB ond the deviation (L, - T) of the actual
background noise level (L,,) at the time of aircraft fiyover, from the mean value
(C,) measured for the background noise alone. The "as measured” signal-to-noise
ratio is the difference between the aircraft signal plus background noise at the
time of the aircraft flyover minus'l:; . This required value for S/N is given by:

Ly -G/ 10 /10
SIN = Ly-Tpy = 10 log [('-Q 7 _'('°' ) - 8 8

8-8
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This expression has been evaluated for an assumed normal distribution of back-
ground noise levels and a range of standard deviations from 2 to 10 dB. The result,
given in Figure B-4, shows the relationship between the signal-to-noise ratio (S/N)
and ¢ for specified values of the final residual error (e ) based on the average of six
separate tests and the probability (P) of exceeding this error. Considering only
negative values of € as representing the more critical case of an underestimate of
the true signal by this amount, a very rough rule of thumb is provided by the
following simple expression for the required S/N for the case P <0.| percent that ¢
< -0.5 dB or for the case P <| percent that € <-0.1 dB. That is:

SIN>4+060 ,dB (B-4)

Thus, for a typical standard deviation for acoustic ambient background noise of 5
dB, an "as measured” signal-to-noise ratio of 7 dB is required to achieve the
specified accuracy after averaging results from six separate tests. This ideal
model has necessarily assumed that the background remains statistically stationary
throughout the tests. Applying about a 50 percent safety factor to this ideal
situation, a practical rule of thumb could be stated as requiring that S/N> 5 +¢ dB
to be 99 percent sure that the true daircraft signal, after applying on energy
correction for the background noise, would not be underestimated by more than 0.1
dB, neglecting all other errors. '

The other reason why this residual error is expected to be small for
aircraft measured under Appendix A procedures of the Regulation is based on the
fact that the error will approach a minimum during the course of an aircraft flyby
as the one-half second sampies of the aircraft signal approach PNLTM. In other
words, there will be many more than just six measurements involved for eoch
frequency band so that, in general, this random residual error will be expected to
average out to essentially zero, even for a very low volue of the difference
between the mean background noise level and the signal level.

In summary, the potential residual error introduced by the randomness of
background noise into a set of six aircroft noise measurements, each of which have
been corrected by energy subtraction for the nominal mean background noise level,
con be reduced to very small values for practical signal-to-noise ratios.

B-9
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Figure B-4. Required “As Measursd” Signal-to-Neise (S/N), in dB, as a Function
of Standard Deviation (0 ) for Background Noise with Residual
Error (€) ofter Six Separate Tests and Probability (P) of Exceeding
This Error as Porometers. (Negoative Value of Residual Error €
Implies Underestimate of True Aircraft Noise Leve!.)
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B.6 Statistical Error in Measurement of the Mean Background Noise Level

One final point should be made about application of an energy subtraction
correction for background noise. This concerns the inherent error in measuring its
true mean level. ‘As suggested earlier, a 20 second measurement period for the
background noise measurement (i.e., 10 seconds before and 10 seconds after the
aircraft flight) will probably satisfy a miniinum requirement for the duration of the
background noise sample. For relatively quiet areas, free of significant intrusions
of high ambient noise levels, where one would like to conduct circraft noise
certitication measurements, a measurement period of 20 seconds should be
sufficient to estimate the mean background noise level within 95 percent con-
fidence limits of about + 3 dB providing the elapsed time between the background
noise measurement and the aircraft noise measurement does not exceed more thon
o few minutes. However, evaluation of the relative accuracy of outdoor commu-
nity noise level measurements as a function of cbservation time> > seems to
indicate that one should measure background noise for a longer period than 20
seconds in certain types of locations where the acoustic background noise is subject
to large fluctuations. In this case, the following field measurement procedure is
recommended fo achieve the desired statistical accuracy for the acoustic back-
ground noise level.

B.6.)] Field Measurement of Acoustic Background Noise Level

Prior to recording the ombient or acoustic background noise level, the
steps defined below should be carried out using a standard sound level meter set to
the A-scale and SLOW response. !

l. Read, every |5 seconds, a “"snapshot" value of the instantaneous
acoustic background noise level for a period of 5 minutes, providing a
total of 20 readings.

2. Make an initial estimate of the true standard deviation, 0, of the
background noise level. Base this estimate on the 20 "snapshot"
somples using the conventional expression for a large rondom sample

c-[f in/n-(i Li/n)z] e 8
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' L, = fthe i-th "snopshot" reading of L | '_ .
n = number of samples (nominally 20)

'3, If this initial estimate of Gis 4 dB or less, proceed fo record the
background noise for a sample period of 20 seconds (i.e., at least 10
seconds before and 10 seconds after each flight).

4. If the initial estimate of 0 is greater than & dB, use the following
i expression to compute a new duration, T, for the length of the 1
KIS bacikground noise recording in order to retain approximately the same
. degree of accuracy. The expression is

NPT

s s i

; T~2000/¥ ,seconds B-6)

. This procedure for increasing the sample duration for the measurement of the
background noise is based on the following rationale.

e

Assume that the fluctuating background noise levels can be represented
statistically as a normally distributed population of random variables. Further i
assume that the nominal 20 second measurement period is equivalent to a sample
size of 20 independent | second samples when the background noise is measured on
a system with "SLOW" dynaomic response (i.e., the correlation time of the analyzer
and of the level fluctuations are both of the order of | second.2"3 B-6 The theory
for accuracy of random samples drawn from a normally distributed powlctiona"'
defines the required sample size n, for a 90 percent confidence interval, osB"‘

n=[1.7¢ /C.]2 ®-7)
where
1.7 = valve of t parameter for 90 percent degree of confidence and
' sample size n> 20
L ¢ = stondard deviation of population, dB8
; C.d. = confidence interval, d8 .
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Based on n = 20, and a confidence interval of + 1.5 'dB, a value of Oof
approximately 4 dB satisfies Eq. (B-6). Thus, if the same degree of confidence and
the some confidence interval is to be maintained for higher values of the
population standard deviation, then a larger sample (i.e., a larger sample period) is
desired and the proportional relationship in Eq. (B-6) is obtained.
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APPENDIX C

TIME HISTORIES OF SELECTED ONE-THIRD OCTAVE BAND LEVELS
FROM ONE 727 TAKEOFF

Measurement Position Takeoff Location as defined in Table A-1 of Appendix A.

Microphone Positions 0.0127 m, 1.2 m ond 10 m over concrete #urfoce (see
Legend in Figure).

Aircraft Altitude at Overhead 244 m

Aircraft Speed 80 m/s
Aircraft Mach No. 0.233
Temperature 20° Celsius
Relative Humidity 75 Percent

Time on all plots on the following pages is relative to the time when the aircraft is
overhead. The "10 dB down" period, based on the PNLT time history for the 1.2 m
microphone, extends from -3 sec to +6.5 sec.




Sound Pressure Level in dB re 20 uPa
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Figure C-1. Time Historles of Selected One-Third Octave Band Levels for 727 at :
Tokeoff = Measured Simultansously with Three Microphone Positions;
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APPENDIX D

. Y

" N . D-1

TIME. HISTORY OF MOVING MONOPOLE SOURCY
IN MEDIUM WITH ATMOSPHERIC ABSORPTION LOSSIS

D.l. INTRODUCTION - THE CASE FOR THE IDEAL MEDIUM

There were two types of solutions for the observed sound level near a
monopole source moving in a lossless medium with a constant velocity V along a
straight line

D.l.l Kinematic Solution

The first, or Kinematic, solution defines the time history of the sound
intensity I(t) observed at a time t and distance Y from the source path as follows.
(The coordinate origin, x, y = 0, falls on the source path opposite the receiver.)

2
2 2
1,/ (1 - M)

2
[—MT +\/1-2+(| -md ]

| = sound intensity at reference distance r o watts/m

2
1) = » watts/m ©-1).

where

2
M = V/c, source Mach No

¢ = speed of sound, m/sec

T = Vt/Y, adimensionless time

This solution considers only the retarded time associated with the finite speed of
sound and source motion but neglects any effect of motion on the acoustic output
of the source. A special case of the Kinematic solution can be called the "static"
solution which ignores the retarded time effect altogether and is obtained from Eq.
(D-1) by setting M = 0.

D.1.2 Acoustic Solution

The second, or acoustic, solution is the exact one which accounts for the

D-1

effect of motion on the acoustic output of the source. (Superscripts denote
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references at the end of this appendix.) The time history of sound level L(t) for this

cdse can be shown to be the following. This neglects o minor second order term

which is only significant in the very near field for Y << A /2n, where) s .
wavelength.D-!

L®) = L+ 10 log r/ 1) + 20 tog | [R)Y] [ [2+ -MZ)]} (-2

where R(t) =Y [-M‘r + \“rz +(l - Mz)] /(l - Mz), the time varying propagation
path length, in meters.

Consider, now, how Equations (D-1) and (D-2) change when atmospheric
absorption is included.

D.2. TIME HISTORY INCLUDING AIR ABSORPTION LOSSES
D.2.1 Kinematic Model

For propagation through a real atmosphere, absorption losses introduce an
exponential loss term in Equations (D-1) and (D-2). For the Kinematic model, the
general expression for the time history of the observed intensity is:

t) = 'o [rolez(t)] exp [—201 R(t)] ,wotts/mz ©-3)

where

R(t) the time-varying propogation path length and

o

absorption coefficient for pressure, Nplm

For convenience, divide Y out of the quantity R(t) and then replace 2o Y
with the equivalent value in terms of the excess attenuation Ae’ in decibels, over
the minimum propagation distance Y to give

A, = -10log;q [exp(-z aY)] = 0aYlogge ,dB

2aY = Ae/IO logo e = 0.23026 Ae"0.23 A, (O-4) ’

D-2
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The resulting time history of sound level L(t) observed near a monopole
source moving with constant velocity in a real (lossy) medium, ignoring convective
amplification effects given by the acoustics solution, can be expressed as:

L) = L, +CH) B (0-5)
where

Lmox = Lo- + 10 log (r",’/Y)z - Ae’ the maximum level during passby, dB

and

2
(1- Mz) exp [- 0.23 Ae [- MT + \11’2 +(l - Mz)] /(I - Mz)]
C(t) = 10 log L L S = ’Ae’a
[-M‘l‘ + \’1‘24'(] -Mz)] :

D.2.2 Acoustic Model

To include air absorption losses in the acoustic model to o first approxi-
mation, it is only necessary to add the quantity -AeR( T )Y to Eq. (D-2) where
R( 7) is the same time-varying propagation path length defined for Eq. (D-2).

D.3. 10 dB DOWN TIME
D.3.1 Ideal Medium

For the ideal medium, when the speed of sound is assumed infinite (M = 0),
the *10 dB down time," t ., is readily found from Eq. (D-1), as follows

=ty =001 o = | o J0+ T oD watts/m? ©-6)
where | max = Io(rolY)z, the maximum passby intensity.
Solving Eq. (D-6) for LT
. (T2 =9 or T)p =43
so that . TIO. = 6 -7

D0-3
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It turns out that for the Kinematic model, this 10 dB down time is independent df
Mach. No. so only the case for M = 0 need be considered. This is not troe, howewver,
for the true acoustic solution. However, this more compiex problem is not trecied
further here. - ’ o ' B

D.3.2 Lossy Medium

For the real medium, numerical evaluation of Eq. (D-5) was carried out to
define the nondimensional "10 dB down time" T, for this case. The following
values of T Were found as a function of the total attenuation Ae over the
minimum distance Y.

Table D-1|

10 dB Down Duration, Ti0° 959 Function of the
Total Air Absorption Loss Ae Over the Minimum Propagoation Path
Near a Moving Monopole Source (Kinematic Solution)

A . a 0 00! 0.03 0.1 0.3 | 3 0 » L
6 5.9835 5.9509 S5.8415 5.5628 48503 3.9 2.40M L5SO2 0.0V
0

0.0120 -0.0357 .0.1163 -0.3285 <0.9238 -2.0125 -85 5.0977 BN

10 :
Vbg(1,/6) @

Plotting 10 log ( 7,7/6) vs A, on a log-log scale, it was found that the following
expression approximated the above true values of T 10 within an average absolute
error of + 0.2 percent for A, from 0.0/ to 100 dB.

101og( o/6) -A_/ 0820+0281408 & (D-8)

D.4. RATE OF CHANGE OF LEVEL - KINEMATIC SOLUTION

These analytical models could now be applied to the extrapolation of a noise
time history, when necessary, to recover a signal from a high ambient noise floor.
Consider, first, the case for an ideal medium.
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D.&.1 Ideal Medium
If the Level L(1) = 10 log,, [ ] B,

then letting * signify differentiation with time, the rate of change of level with
time is:

)
L{t) = 10 [-K%] ['°9|0 e] [" t/ lo] = 4,343 I' (1)/ (1) , db/sec  (D-8)
For the case where finite speed of sound effects are neglected, then for 7= tV/Y,

=1 /(s 1D
and
v 2,2
r(t) = lmox(-ZrY)/(l + 1%
Therefore, PO/ = 21V /(s 1) oSGC-'
and the corresponding rate of change of level with time is
L'(1) = -8.686T (V/Y) /(1 + D) , dB/sec

For example, for t = the |0 dB down time, it was shown by Eq. (D-6) that Tio
= + 3, and the corresponding rate of change of level will be

L'(T ) = + 2606V/Y ,dBfsec (0-9)

D.4.2 Lossy Medium

For this case, again neglecting finite speed of sound effects (i.e., M = 0), I(t)
will be given by

) = 'max exp [- Ae JI + TZ]/[I +1’2] ’ woﬂs/mz ©-1Q) 1

and applying Eq. (D-8), the rate of change of level will be:

A
L' (1) = -8.686 (V/Y) —_z’ e T , dB/sec
[ ' + T * -z ’| + r2]

D-5
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This expression is plotted in Figure D-| for positive volues of ¥he dimension-
less time T from +| 'oAmdiornkmofhbtddtMimh..A‘,m
the minimum propagotion path (or slant range) of 0 to 100 dB. The importent peing
brought out by this graph is that for reasonable values of A, (typically in the rangs -
of 10 10 100 dB), the rate of change of level with time is nearly constant for g wids
range of the dimensionless time T. Thus, as indicated by the sketch in Figure D-1, {
it would be possible 10 approximate the "tails” of the time history of ssund level
observed near a simple moving noise source by a simple linear extrapolation where
a constant slope of the extrapolation line could be estimated on the basis of Figure
: | D-1 or the analytical models used to generate it.

Note that for the Kinematic solution to the moving source problem, the

time history of noise level is simply displaced along the time axis as the function of

' the source Mach No. This does not influence the rate of change of level with time,
L¥(t), plotted in Figure D-1 - only the time axis is shifted.
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